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PREFACE

This is the thirteenth annual report of the Toxic Hazards Research

Unit (THRU) and concerns work performed by the Department of Com-

munity and Environmental Medicine of the University of California,

Irvine on behalf of the Air Force under Contract No. F33615-76-C-5005.

"This document constitutes the first report under the current contract

and describes the accomplishments of the THRU from June 1975 through

May 1976.

The current contract for operation of the Laboratory was initiated

in 1975 under Project 6302 "Toxic Hazards of Propcllants and Materials,"

Task 01 'Toxicology" Work Unit No. 63020115. Kt C. Back, Ph. D.,

hitef of the Toxicology Branch was the technical contract monitor for

the Aerospace Medical Research Laboratory.

JD D. MacLwen, Ph. D., served as co-principal investigator and

Laboratory Director for the THRU of the University of California, Irvhie.

Acknowledgeme-t is nmade to C. E. Johnson. C. C. Haun and G. L. J.ogle

for their significatt contributions and ass'-;tt&u1ctn the preparatiop of

this report. Partial support for this program was provided by the National

Institute of Occupational Safety and Health, the U. S. Army Medical

Research and Devclopment Command and the LDepartmet of Transportation.
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SECTION I

INTRODUCTION

This document constitutes the 13th annual report of the Toxic

Hazards Research Unit, (THRU), a research team which operates a

drxlicated inhalation toxicology laboratory to investigate potentially

hazardous chemicals and materials of interest to the Air Force and

*ither governmental agencies. The THRU research team is an inter-
disciplinary group of University of California, Irvine, toxicologists,

chemists, statistiians, and engineers supported by Air Force path-

ologi3ts, veterinarians, and medical technologists.

1he research P'cllities used kLy the THRU consist of animal

e4po-ure chambers and supporting laboratories which have previously

been described by Mac&w&-n (1965), Fairchild (1967) and Thomas (1968).

iDung the first sx years of opertixon, the prnmry rismrah

efforts of the THRU were directed to obtaining information on heaith

hozard of -pacecraft fligLht, and the biological datp obtained have been

used as criteria for setting cont, ntus exposure, liratts and for engineering

destgn factors. The primar-y ::eser rch efforts have in recent year:-

focused more on problemp of ilrcraft environments, chronic occupa-

tional halith problems and the potenti tocogenicity of chemicals used

""7.1



A• , in military and civilian activities. To this end many of the current

.i research programs serve the mutual interest of the Air Force and
"' .4

other governmental agencies such as the National Institute of Occupa-

tional Safety and Health, and the Department of Transportation.

As part of its contract responsibilities, UCI/THRU presents

an annual technical conference to disseminate new toxicological infor-

mation to Air Force, other governmental and industrial scientists.

This year's conference chaired by Dr. James E. Sterner presented 27

technical papers covering a broad range of occupational and environ-

mental toxicology problems. Fourteen papers were presented by

University of California faculty and staff members. The open forum

., diRcussion following each session resulted in significant contributions

of additional technical information and scientific exchange. The con-

ference, held 21 October through 23 October, 1975 drew ,164 participants

including speakers.

The papers presented at the conference were published as the

j0Proceedings of the 6th Annual Conference on Environmental Toxicology,

I AMRL-TR-75-125, Aerospace Medical Research Laboratory, Wright-

Potterson AFB, Ohio.

Next year's conference, currently in the development stage, will

be held in October. 1976 at the Stouffer's Inn, Dayton, Ohio.

2



SECTION II

RESEARCH PROGRAM

The research activity of the THRU is a continuing program in -

dependent of contract years, with several studies in progress at the

beginning and end of each report period. Experiments that were ini-

tiated and completed during the past year and were of sufficient magni-

tude to merit separate technical reports are only summarized in this

document. This year's research program was conducted on a broad

range of chemical materials and includes inhalation studies of rocket

fuels, coal tar aerosols, and combinations of solid rocket propellant

exhaust products. Acute oral and dermal toxicity studies on trans-

portable materials were also conducted.

A Study of the Oncoguiic Capacity of Hydrazine

Hydrazine, unsymmetrical dimethyihydrazine (UDIlH) and mono-

methyihydrazine (MMlH) have each bLen shown to produce carcinomas in

* experimental annimls by various oral modes of administration (IARC,

1974; Clark et al., 1968). Althou&h this information about the hydrazines

and many other chemical compounds has scientific interest, it is fre-

qucntly unrealistic in terms of actual or practical human exp•oures.

3
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SI Recently, however, experiments in the Toxic Hazards Research Unit

Laboratory of UC, Irvine have confirmed the carcinogenic risk of the

Threshold Limit Values (TLV) of 1 ppm hydrazine (MacEwen and Vernot,

1974). In these experiments, mice held 1 year postexposure after 6

hours daily, 5 days per week inhalation exposure to N2H4 over a 6-month

period were necropsied and found to have a significant increase in alveo-

largenic carcinomas at the industrial TLV concentration. At a 5-fold

• .higher dose, 11 of 15 exposed mice had alveolargenic carcinoma, 2

had lymphosarcomas and 1 mouse had a malignant hepatoma with me-

tastasis to the spleen. Two of the mice with alveolargenic carcinomas

also had metastatic lesions, one in the heart and another in the rib cage.

The results of these studies indicate a strong dose relationship

for the production of carcinomas in mice. A dose relationship was seen
for other inhalation effects of hydrazine and MMH, either acute or chronic

(Haun, 1970; MacLVen and Haun, 1971).

X I; The evidence that N2H4 produces pulmonary carchiomas at the

... TLV conctration, based on small numbers of animals and in only one

I: species, should be confirmed In multiple species and with large numbers

of animals.

1 4
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There is a question as to the likelihood that human exposures of

this chronic nature have occurred during the production and use of hydra-

zine, UDMH and MMH. Moreover, there is no certainty that chemicals

that produce tumors in mice will be-carcinogenic for man. In spite of

these reservations but cognizant of the fact that the hydrazines do cause

carcinogenic reaction in animals. it was desired that inhalation studies

be performed by THRU which would be definitive of a suitable carcinogenic

risk or no effect level for these highly important industrial and military

chemicals.

The experimental protocol designed for the study of hydrazine

oncogenic potential was modified from that used for the study of oncogenic

capacity of UDMlH. The modification was based on several considerations

among which were a tentative change in the TLV from 1.0 ppm to 0. 1

ppm and a request from an intemational consortium of hydrazine manu-

facturers. Tlhe tentative change in the TLV indicated a need for testing

N2144 concentratiois spanningboth current and proposed values with at

least one animal species.

The request from the hydrazine manufacturers group asked that

we include bodi sexes of rats in the experiment, extend the exposures

from 6 months to one year and that we increase the numbers of rat

5



- -controls to permit intermittent necropsies for spontaneous increases

S- ,in deaths of individual exposure groups. They also wished to increase
S..the number of concentrations tested to span the current and proposed

TLV's. Since their request for modificaion of the protocol consisted of

"changes which would be beneficial to our goal of determining the oncogenic
.".,- . 2. ... •:•i"•.r"•.-,•••",

capacity of hydrazine and the added costs were indirectly covered,,by the

•X7"qq I - .provision of pathologic evaluation services from an independent consulting

research laboratory for 2 species of animals, the request was acted upon

RV, -in a favorable manner.

The animal exposures were initiated during the summer of 1975

. ., and will be continued into the next reporting period. Not all expert-

SI mental groups are in phase with respect to the starting dates for their

... expos.ure. Even though all animals for the study wore acquired in time

for simultaneous insertion into dhe experimental groups the hamsters

""1*received were not suitable for use. A second group of hamsters was

also found to be diseased upon arrival and consejquently a 4-month delay

was encountered In the insertion of hanisters into the experiment. Due

to chanber equipment malfwnction, the exposure of the origInal group

:49 : of mice to 1 ppm hydrazine was stopped. The mice were replaced and

SY.ist; a separate set of controls were set aside for comparison. These mice

have been in the study for 5-1/2 months.

tL; jJ.1 6
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The animals used in this study consist o 5 lc/ ieotie

from Jackson Laboratories, CDF (Fisher 344 derived) albino rats from

Charles River, Engle Golden Syrian hamsters, and beagle dogs. The

numbers of animals of each sex and species are listed in Table 1 which

also shows the chambers used and exposure concentrations.

TABLE 1. EXPERIMENTAL DESIGN FOR HYDRAZINE
INHALATION EXPOSURE CONCENTRATIONS

Hydrazine Animals Numbers, Sex Chamber
Concentration, ppm and Species Number

0.05 100d, 1009 rats; 4009 mice 7

0.25 200& hamsters;,02mc 5
0.25 lO~k?, 100 2 rats; 4cf, 4 2 dogs 6

1.0 200e hamsters; 4002 mice I
1.0 100d', 1002 rats; 4d?, 42 dogs 4

5.0 100d. 100.2 rats; 200d hamisters 8

Control 150dt, 1502 rats, 4001 mice Vivariumn
20CkV hamsters; 4$', 42 dogs.,

L xposures are conducted on a 6 hour/day. S day/week- schedule

without exposures, on weekends and holidays, The T1homas Dome Cliambers

are being operated with nomlinal airflows of 3S CFM at a slightly reduced

pressure (725 mmn Hg) to prevesi Ihydrazine -leakage into the laboratory

atmosphere.

-~ 7



The safety protocol and laboratory contaminant monitoring pro-

tocols are the same as those used during the UDMH study as described

in the last annual report (MacEwen,and Vernot, 1975).

As shown in Table 1, four inhalation experiments are currently

underway to determine lifetime response of different animal species to

selected low level concentrations of hydrazine such as 0. 05 ppm, 0. 25

ppm, 1 ppm and 5 ppm. The exposures are to continue for one year

- - with 6 hours a day, 5 days a week exposure. No exposures are made

on holidays and weekends.

Hydrazine is introduced into the dome by using a Sage Pump

Model 355 kept inside a plexiglas hood. One pump is used for each

Iexposure concentration experiment. Thie contaminants are cartied to

the dome throughi a 1/4" teflon line in which vapotization takes place.

The contaminant generation system takes advantage of die negative air

pressure inside the domne whichi permiits a constant air flow through the

cotitaininnt line of about 2. 5 liters per minute, Slight heat is applied

to he ontminnt line to increase the volatilization of die hyraine

for the highiest concentration levels.



The continuous monitoring of the hydrazine concentrations in

the chambers is accomplished with a Technicon AutoAnalyzer. The

exposure chamber atmosphere is pulled through a 1/4" polyethylene

line into a scrubber tower loaded with glass beads. A buffered iodine

solution is added at the top of the tower and it runs down through the

beads. The hydrazine from the dome reacts with the iodine solution

and reduces it, causing a loss in color. This color change is mea-

sured as absorbance. The absorbance is proportional and linear when

compared to concentration and a calibration curve can be prepared daily.

To use die curve it is necessary to keep the chamber sampling air flow

through the tower at the same rate as was used to make the standard

curve. T1he iodine solution flow rate must also be maintained at the

same rate as used for the standard curve.

The sampling solution buffer conta-ins 40 g.aims/L KI, 20 grams/L

Na2HPO4 , and 6 grams/L K1 2 PV04 . An iodine solution of 0. 1 M is ussed to

add iodine to the buffer. Because eachl experiment has different hydrazine

concentrations, the quantity of iodine added to its buffer is different. Thiis is

done to improve each analysis. To each liter of buffer, 15 nl of 0.1 M io-

dine is added to analyze the 5. 0 ppm N2H4 experiment; 3, 5 ni/L for die

analysis of tie 1.0 ppm hydrazino conlcentration, and I n)/L is used

9
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for the 0. 25 and 0. 05 ppm concentrations. Different filters are used

to either increase or decrease the colorimeter sensitivity as needed.

For 0. 25 ppm hydrazine, a 400 mpfiter is used while the 0. 05 ppm

concentration requires a 352 mji filter. The 1. 0 ppm N2H4 concen-

tration takes a 420 mp filter and 5. 0 ppm requires a 466 mgs filter.

The effects of hydrazine exposure thus far have been limited

to dose related depression of growth rates for male rats as shown in1; Figure 1 and hamsters receiving 5, 1 or 0. 25 ppm hydrazine as shown

in Figure 2. Weights of female rats taken on the same biweekly schedule

are somewhat erratic. Subnormal weightv gain patterns appear clear

only for those in the 5 ppm and 1 ppm exposure. groups.

Blolod samples are drawn biweekly from at! control dogs and

the test dogs which are exposead to 1 ppm and 0. 25 ppm N2H4

cOnCenitrations, After 9 months of exposure, most results collected

for the entire battery of tests which include as liver ftuicticrn tests.

SGIPT determinatioki and WlS retention time, arc completely normal

when compared with preexposure biweekly results or control values.

~ ~ Total protein and serum albumin values appear to be significantly

elevat W- in the 1 ppmi N2114 exposure group and there may be a trend

10
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of higher vaiues for these determinatioris in the 0. 25 .oprr N2H4 exposure
2 4

-j gro,4p. Evaluation of these findings i. ?omplicated by one elevated value

during the preexposure period and a change in clinical chemistry method-

ology by the laboratory group providing this service.

Mortality in exposed and control groups has been very spars,,.

There have been deaths in all groups of exposed and control hamsters

and mice but no dose response relationship is in evidence. Ten percent

mortality is the highest in any hamster group, while no more than 4%0

have died in any group of mice. Very few rate have died and at the

levels tested, dogs are showing no signs of ill health.

Histopathology information is not available at this time although

all dead animals receive preliminary examination inhouse to determine

A cause of death. Paraffin embedded tissues from mice and rats will be

sent to Huntingdon Research Center, England for final processing and

definitive examination while hamster t~ssue;, will be sent to USAF SCJhoo,

of Aerospace Medicine/VSP, Brooks AFB, Texas. The study is continuing

and no conclusion or comment on the oncogentc potential of N2 H4 can be

made at this time.

12
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90-Day Continuous Coal Tar Aerosol Inhalation Studies

Two 90-day continuous coal tar aerosol studies (2. 0 and 0.2

mg//m3 coal tar) were concluded during the past year. The 10 mg/m3

coal tar aerosol study was concluded last year as reported in the 1975

Annual Technical Report (MacEwer and Vernot, 1975). The descrip-

-tons of the coal tar generation system, methods Uf analyses and ex-

perimental protocols are in a previous annual report (MacEwen and

Vernot, 1974). D[ring the postexposure holding period, the animals

were examined biweekly for development of skin lesions.

A summary of the mouse skin tumors found after 9U -day con -

tinuous exposuz-e to 2. 0 mg/m 3 coal tar aeros1l and life.time observa-

tion is shown in Tables 2 and 3. Of the 14 skin tumors found in the

ICR/CF-I mice exposed to 2.0 mg/m 3 coal tar, 9 or 64% of these were

found during the first 22 weeks of postexposure observation.

Only one skin tunior was found during the 98-week postexposure
observation period for the animals exposed to 0. 2 mg/mh3 coal tar aciv-

sol in each mouse strain tested, the ICR/CF-I and JAX/CAF-1, both

observed after 81 weeks postexposure. In addition, one of the JAX/

CAF-I control mice deweloped a skin tumor at 84 weeks postexposure.

13
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The following tabulation, showing a cumulative number of skin

S* tumors that developed after a comparable postexposure period for all

three aerosol studies, demonstrates a definite dose-response effect.

This effect is strongly apparent in the ICR/CF-1 mice but less obvious

* in the JAX/CAF-1 mice where smaller numbers of skin tumors occurred.

However, in a comparison of all data on JAX/CAF -1 mice (MacEwen and

Vernot, 1975), it can be seen that the number of tumors increased dur-

V 1ing the later stages of the postexposure holding period. It appears that

Aj the JAX/CAF-1 mice have a much longer period of onset than the ICR/

CF -1 strain for development of skin tumors.

Exposure Cumulative Numbers of Tumors
Concentration Week of ICR/CF-l* lAX/GAF-P*

mg/m 3  Observation Exposed Control Exposed Control

10 100 44 3 18 1

2 103, 14 0 3 0

0.2 101 1 0 1 1

" *N 75 female mice in each group.

1 ,All 90-day coa'l tar aerosol studies have been terminated. The

surviving animals were sacrificed and representative tissues were sam-

pled for histopathological examination. Histopathology of all animals in

these studies has been contracted to another source and the results,

A when available, will be reported by that group.

14
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TABLE 2. SUMMARY OF SKIN 'iXJMORS FOUND IN ICR/CF-1 MICE
EXPOSED TO 2 MG/Mý' COAL TAR AEROSOL

Number of Total Weeks
Weeks on New Cum. No. Total Number

Postexposure Experlment Tumors of Tumors Examined

6 19 3375

8 21 1 4 75
10 23 0 4 75
12 25 0 4(4) 75
14 27 0 4(4) 74
1.5 29 0 4(4) 69
is 31 1 5(5) 6
20 33 0 S(4) 66
22 35 4 9(8) 66
2.4 ?7 0 9(7) 61
26 39 0 9(7) 60V.28 41 0 9(7) 158
30 43 1 10(7) 58
32 45 0 10(7) 48
34 47 0 10(7) 45
36 49 0 10(7) 45

3951 0 10(7). 44
40 53 0 10(7) 44
42 53 2 12(9) 44

4457 0 12(9) 44
46 59 0 12(7) 44
48 61 0 12(7) 43
so 63 0 12(7) 43
S2 65 () 12(7) *43
54 67 0 12(7) 43

.669 0 12(7) 43
58 71 0 12(6) 40
60 73 0 12(6) 40
62 is 1 13(6) 37
64 77 0 1306) 3S
66 78 0 13(5.) 23
68 81 0 1315) 3X1.470 83 0 13(s) 32
72 8s 0 13(5) 31
74 87 0 13(4) 29
76 89 0 1314) 29

4.78 91 0 13(4) 217
so 93 0 13(2) 24
82 143 0 13(2) 2

84 97 0 13(2) 22
09 14(3) 21

88101 0 14(,A) 19
90 103 a 14(0) is

SNumb=r of inice with two(rs whldi are Wilve on this daze.



TABLE 3. SUMMARY 0F SKIN TUMORS FOUND IN JAX/CAF-
MICE EXPOSED TO 2 MG/M 3 COAL TAR AEROSOL

4.Number of Cumulative
K'Weeks New Number of Total

Postexjposure Tumiors Tumors Examined

6 0 0 65
8 0 0 65i;10 C 0 65

12 0 0 64
14 0 0 62

7 416 1 1(1) 59
18 0 1(11 59

V-20 01(1) 54
22 2 3(3) 54
24 0 3(3) Si
26 0 3(2) so
28 0 3(2) 47
30 0 3(2) 47
32 0 3(2) 44
34 0 3(2) 44
36 0 3(1) 40

* 738 0 3(l) 39

42 0 3(l) 36
44 0 3(l) 36
46 0 3(1) 31
48 0 3(l) 31
so 0 3(l 31
32 0 3(0) 31
54 0 3(1) 31
56 NO(1 31

580 3(Q) 3
60 0 3(0) 3
82 0 31,0) 22
64 0 0)3

Q 3(0) 3
88 0 3(0) 29

4 00 3~(0) 2

Nw~~~~bet80 2fwhwur wl r 2v o i. ai

843 b)2I2
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Chronic Inhalation Toxicity of JP-4 Jet Fuel

An 8-month intermittent exposure study of the toxicity of inhaled

JP-4 jet fuel vapors to various animal species was detailed in a previous

annual report (MacEwen and Vernot, 1974). The study was terminated

after 33 weeks of exposure and,with the exception of 20 rats and 20 mice

to be held for one year postexposure, all animals were sacrificed.

Gross examinations of the animals that died during the expo-

sure period or at the 33 week sacrifice date revealed no lesions which

could be attributed to exposure. The organ and body weight ratios of

rats were analyzed statistically following sacrifice with significant dif-

ferences from control values being found in organ weights and organ

to body weight ratios only in the rats exposed at the 5.0 mg/liter JP-4

woncentration. An increase in weight was found in lung, liver, spleen

and kidney. Micropathological examination of these tissues failed to

reveal any dose related effects which could be attributed to this increase

in organ weights.

The only other significant pathological finding after the 8-months

of repeated daily exposures to JP-4 was an increase in the incidence of

chronic murine bronchitis in the rats exposed to either concentration

of tlie jet fuel. Table 4 shows the incidence of this manifestation in the

various exposure groups.
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TABLE 4. INCIDENCE OF CHRONIC MURINE BRONCHITIS
IN RATS EXPOSED TO JP-4 VAPORS

Cotrls Benz ene 5 mg/litei 2.5 mg/litor
Controls Controls JP -4 JP-4

Number
Examined 24 25 30 29

Number
Iwith Bronchitis 0 2 8 8

After 12 months, approximately 80. of the rats and 46%. of the

-4 mice held for postexposure observation died. Mortalities were equally

distributed between all exposure and control groups with chronic res-

piratory disease being the principal cause of death. There were no

gross lesions in any of the animals which could be attributed to exposure.

Histopathological examination of the animals held for postexposure

observation revealed an increase in hemosiderin deposits in the spleens

of the exposcd rats as well as the benzene exposed controls. Thie tumor-

igenic response of these animals is listed in Table 5. The tumor re-

sponso in either species was slight and not dose -related, therefore not

* considered physiologically significant.

In all, no significant pathological lesions were found in any of the

animials held one year postcxposurc which would warrant changing dhe.

conclusions stated in the last annual report in which we reconmmended

††††††††~that an exposure standard for workumsi should not exceed.2. 5 mg/liter

JP-4 vapors (12. 5 ppmi benzene equivalent) for extended periods of time.



TABILE S. TUMOR INCIDENCE IN ANIMALS EXPOSED TO JP-4 VAPORS FOR
64vIONTHS AND HELD ONE YEAR POSTEXPOSURE

MouseoTmoro:s 25 ppm Benzene* 5.0 mg/liter JP-4 2.5 ing/ltrJ

Alveolargenic Adenoma 31/19'0 6/17 4/16 7/21

Lymphosaroom 0/19 1/17 1/16 2/21

Mammary Cart-ionoma 0/19 1/17 0/16 0/21

Hepatowi 1/19 0/17 0/16 0/21

HematopoidC TWi~rS 6/19 1/17 4/16 3121

Thyroid Carcinoma 0/19 0/17 1/16 0/21

Rat Tumnors,

Manmary 0/15 0/16 1/20 0/18

ltuyollAdawama OAS 1/16 0/20 0/18

IPancrtatlc tladt Cell
Adetomi 0/15 1/16 0/2D 0/16

I'Witive cwntrul for muaximium bmtoic coicnc~trLtions.
j ~~~~~Ntunir of luuiors fbk/mmube- of aultniat ouxaW1o ~i~~~f

N
1

8
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Carcinogenic Effects of Chronic Inhalation Exposure of Animals to

Coal Tar Aerosol

Long-term daily repeated inhalation exposures of four animal

species to the complete complex mixture of coal tar volatiles was ni-

'dated for comparison with 90-day continuous exposure studies to the

same material for validation of the experimental approach of time corn-

pression with continuous animal exposures. This study was also designed

: to examine the effects of inhaled coal tar aerosols on Macaca mulatta, a

species more closely related to man.

The description of the coal tar generation system, method of

analysis, and experimental protocols are given in a previous annual

report (MacEwen and Ve-not, 1975). Some groups of animals were

placed into exposure after the experiment had begun be-cause initial ship-

ments did not meet quality control standards. Since exposure for all

groups ended on 7 January 1976, the rabbits were exposed 16 months,

JAX mice 17 months, and all other groups 18 months. During the post-

exposure holding period, the rats were weighed on a biweekly schedule.

All rodents were also examined biweekly for the development of skin

lesions.

20
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The chamber coal tar aerosol concentrations were analyzed using

gravimetric sampling to trap the aerosol droplets on a millipore filter.

The fluorescent materials were then dissolved from the filter with toluene

and the fluorescence measured by a Turner fluorometer. The mean con-

centration of coal tar after 18 months was 9.97 mg/m 3 in one exposure

chamber and 9.98 mg/m 3 in the other. These mean concentrations were

rcalculated over 371 exposure days (542 calendar days).

Each exposure chamber was also sampled daily during the first

month of exposure and monthly thereafter for benzene vapor concentration.

The benzene analysis, measured by gas chromatography, averaged 9. 1

mg/m 3 in Dome 2 and 10.2 mg/nM3 in Dome 3. The concentration range

was 4.0 to 25.8 and 4.8 to 38.5 in Domes 2 and 3,respectively. A benzene

hazard did not exist as these concentrations were well below the Threshold

Limit Value concentration of 80 mg/m 3 .

Aerosol particle size determinations were made mbnthly during the

study following the procedure of Vooren atnl Meyer (1971). A minimum of

99% of the total droplets in both chambers were five microns or less in

diameter. Therefore, most aerosol droplets within the chambers were

of a respirable size.
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At the conclusion of the aerosol exposure portion of the study, four

male and four female rats from both the exposed and the control group

were sacrificed for gross and histopathologic examination. Gross exam-

ination showed all of the males and three of the four female test rats' lungs

were filled with Irregular to confluent white masses. These were flat,

umbilicated and fungiform on the pleural surface. In most cases, the lungs

of the exposed rats did not collapse at necropsy.

H -istopathologteal examination of the sacrificed rats and those that

died postexposure is now complete. A high incidence of squamous cell car-

cinomas of the lungs was seen in the exposed rats (Table 6) while no lung

carcinomas were found in any of the control rats. All of the male rats ex-

atnined had lung carcinomas while 82% of the females were similarly

affected. Of the seven female rats which did not develop squamous cell car-

cinomas, three died during the first eight months of exposure, possibly

before the lesions developed in any of the rats. None of the deaths ti the

male rat group occurred prior to eleven months of exposure.
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TABLE 6. COAL TAR TUMOR IGENESIS IN RATS

Controls Exposed
Males Females Males Female~s

Number Examined Histologically* 36 37 38 38
Tumors found:

Squamous cell carcinoma, Lung 0 0 38 31
Sebaceous cell carcinoma 0 1 0 0
Intraabdominal carcinoma 0 1 0 0
Mammary fibroadenoma 0 1 0 3

4_ Mammary adenocarclnoma 0 10 0
Other tumors 0 1 8 2

Overall Tumor Incidence (%0) 0 13 100 82

*The original number of rats per group was 40. However, because of
autolysis and/or cannibal izat ion, a few animals were unsuited for histo-
pathological examinations.

Some histopathology results have been received for mice that died

during the course of the, study Eniough data has been received on the CF- I

mice to show definite lung tumor effects (Table 7). Twenty-one of 107 CF- 1

test mic~e developed alveolargenic carcinomas while only two of 126 control

mice showed this lesion. Most other tuniors found histologically were

equally distributed between test and, control mice and not considered coal

tar related although theare may be a reduiction in total -numbe rs of sarcomas

anil hemiopoictic tumo~rs In the exposed mice. There still remain somec

surviving mice that are being held postexposure for skin and other tumor

examination.
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TABLE 7. COAL TAR TUMORIGENESIS IN MICE

Controls Exposed
ICR/- JAX/- ICR/- JAX/-
CF-i CAF-l CF-i CAF-l

Number Examined Histologically 126 12 107 15
Tumors found:

Alveolargenic carcinoma 2 0 21 4
Alveolargenic adenoma 5 1 5 0
Bronchiogenic carcinoma 0 0 1 0
Squamous cell carcinoma 0 0 1 0
Lymphosarcoma 13 1 -3 2
Reticulum cell sarcoma 10 0 6 2
Hemangiosarcoma 3 1 3 0
Hemopotetic tumors 20 1 11 0
Subcutaneous sarcoma 10 10
Other tumors 4 2 7 0

A summary of the fluorescence values found in the serially sacri-

4 f ~iced ICR/CF-1 mice is shown in Table 8. The values for hide depositon of

coal tar appear to r-each an early equilibrium between the amount being de-

posited on the fur andithe aniount being removed, by grooming. The. lung

fluorescetnce data shows a rapid icrease during the first 25 day's follow W-

by a gradual increase for the next 423 days. After that timec the" atyount of

fluorescent compoulKIs found in the lungs of the mnice increases rapidly.

This latter increase could be a factor of age with resultant broaldiown of

clearance mechanisms in the lungs. The age of the mico at the 448th

exposure day was approximately 16 months.
~--v
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TABLE 8. COAL TAR FLUORESCENCE RETAINED IN
MOUSE LUNG AND SKIN TISSUES (N=4)

Days of Calendar Tissue Fluorescence*
Exposure Days Lung (pg/g Hide (,ug/cm)

1 16 1.4
7 9 19 3.2

20 25 173 4.9
6 0, 88 180 3.8

108 147 210 3.7
149 210 236 2.7
185 266 332 3.5
233 329 315 3.2
270 385 296 2.1
309 448 383 .6.7
352 511 5673.
371 542 584* 6.3*

*Values are test animal values minus control aninial values.

N 8

A summary of the rrwuse skin tumors, is shown in Table 9. BegIn-

ning at 30 weeks of exposure. the animials were examinod biweekly. Aj skin tumor was found on one contro~l ICR/CF-1 mouse durlbg the first'

j ~skin inspection at 30 weeks and on two more controls during the Q60v

week. The first skin tumor found natetnIma u t5 ek.I

*all. skin tuniors were found in only 5 test and 3 ont rol ICR /Cl? 1 ni ee

to date. In the JAX/C.AF-I strain mouse, total tumor Inke~ence to date

* ~is 2 in the exposed group anid I in a control.
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TABLE 9. SUMMARY OF SKIN TUMORS FOUND IN ICR/CF-i MICE INTERMITTENTLY
EXPOSE-D TO 10 VIG/M 3 COAL TAR AEROSOL FOR 18 moNTHS

WesNew Tumors Cuoatf Num bers Total Number Examined

Exoue 1 JX/A-ICR/CF- -14~ JA/A- I CR/CF-l LA/A-*

30 0 0 0 0 73 49
32 0 0 0 0 64 48
.37 &0 0 0 64 48
41 0 0 0 0 62 48
46 0 0 0 0 58 47
50 0 0 0 0 56 41
54 0 0 0 0 53 41
56 0 0 0 0 52 41
58 0 0 0 0 52 41
60 0 0 0 0 52 40
62 10 1(l) 0 52 40
64 0 0 1(0) 0 52 40
56 0 0 1(0) 0 48 39
68 0 0 1(0) 0 47 39
70 0 0 1()0 46 38

472 0 0 1(0) 0 45 38
*74 0 0 1(0) 0 41 38

76 0 0 1(0) 0 40 38
78 0 0 1(0) 0 38 38
80 1 0 2(1) 0 38 37

*82 0 1 2(1.,(1 34 37
84 1 0 3(1) 1(l) 3237
86 0 0 3(1) W() 32 37
88 0 0 3(0) 1(1) 3)1 37
90 0 1 3(l) 2(2) 31 36
92 1 0 4(2) 2(2) 29 35
94 C 0 4(2) 2(2) 28 35

.4.96 0 0 4(2) 2(2) 26 35
98 1 0 5(3) 2(2) 23 32

100 0 0 5(3) 2(1) 23 30

0=Number of mice with cumors Walic were alive at examination period.
-*Original N 75, **Original N =50.
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S•, These results differ greatly from the skin tumor results of the

4 ~10 mg/rn3 coal tar exposure 90-day continuous study in which 102 test

S~and 5 control mice developed lesions. Further comparison of these

groups appears later in the text.

• During the course of the study, rat, monkey and rabbit weights

were monitored on a regularly scheduled basis. Figures 3 and 4 s3how

the mean bo~dy weight relationship of the test animals with their re.

spective controls.

Except for an early six-week period and at the 12-month weighing

period where the weights of the male control rats droppe for some un-

known reason, the exposed rat group showed a statistically significant

* depression in mean body weight. This was apparent from the first weigh-

ing after the start of the study, at two weeks, and on through 18 months of

exposure. The rabbits show a similar pattern with the exposed rabbits

having a statistically significant weight depression. Rabbit t~cdy weight

comparisons were discontinued after nine months due to the small num-

ber of surviving test rabbits,

27
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Figure 3. The effect of repeated exposure to 10 mg/rn 3 coal tar
aerosol on growth of rats.
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Figure 4. The effect of repeated exposure to 10 mg/rn3 coal tar
~ aerosol on growth of rabbits and monkeys.
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Sixteen test and 6 control rabbits died during the exposure period.

This mortality has been attributed to a chronic respiratory infection which

caused severe debilitation and dehydration. At the conclusion of the study

surviving rabbits were removed to the NIOSH laboratories in Cincinnati,

Ohio for postexposure observations.

One of the purposes of this industrial exposure type of study was

to validate the experimental approach of time compression in the 90 -day

continuous studies. Incidence of skin tumors in the ICR/CF-I mice pro-

vides one basis for comparison of the two studies. A summary of hide
fluorescence and cumulative numbers of skin tumors is found in Table 10.

The animals in the two 10 ng/m 3 studies were exposed to the coal

tar aerosol for a comparable number of total exposure hours. In the con-

tinuous 90-day study, the hours of exposure were compressed while the

similar number of hours of the intermittent study extended over an 18-

month time period. The amount of fluomiqcent compounds found on the

hides of the mice of the continuous study is much greater than what was

found on the hides of the internit-ently exosed mice at any of the examina-

tion points. This is due, of course, to the amount of exposure-free time

the intermittent group had for grooming each exposure day and on weekends.
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TABL.E 10. SUMMARY 0OF HI1DE FLUORESCENCE (jg/cm2) OF CF-I MICE
WURIN AND AFTER EXPOSURE TO COAL TAR AEROSOLS

,V. ICR/CF-I Mouse
Hours oi Expsure s rnoaa

Aerosol Oonc.' 6 42 120 360 648 894 1110 1398 1620 1854 2112 2226 100 weeks

10 mg/rn3

(Intermittent) 1.4 3.2 4.9 3.8 3.7 2.7 3.5 3.2 2.1 6.7 3.8 6.3 5/7500

24 168 720 144 2160

(Cniuu) 04 1.6 3. . .8 1/75

'Inermttet tud ra 3days prwe.6hours pro day. for 18 months. Cocatuiq~ studiee ran 7 days per
week.24husprdyfr9da.

"00amber ot um observed/mumbor of animals oxpacd.

Not unexpectedly, therefore, the skin tumor incidence in the

intermittent group is very low, actually falling between the mice contin -kz uously exposed to 2 mg/rn3 and 0. 2 mgr/m3 at comparable total exposure
periods The a ount of hide fluorescence of the intermittently exposed

group also lies between the amount found on the hides of the two low level

groups, thus reinforcing the dose -effect relationship between hide. expo-

sure and tumor incidence. By this criterion, it appears as thoughi con-

VW

tinuous exposure to coal tar was a much greater insult to the skin of
animals than intermittent exposure.

-AA
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A similar comparison of the amount of fluorescent compounds found

in the lungs of the CF -i mice from the two studies is shown in Figure 5.

Although the amount of retained fluorescent compounds in the mouse lung

1~:j is considerably higher during the continuous exposure period, the total

lung burden during the entire experimental period is similar. When the

postexposure holding period is complete, the final analysis my showta

the integrated lung burden of coal tar may be slightly higher in the inter-

* mittent exposure group. A comparison of the incidence of lung tumors

cannot be made until histopathology data is received from the NIOSH

pathology contractor.

4000o 10 ymjn TEROTTENT. 18 MONTHS

1400 ~
t~oot

t.oo

0 30 SOS 140 Q* IiSO Ila ti4015 300 130 320 380 410 4*40 IiQ 640

CA40-LNDCR 003S WN GxPE*UNU

Figuire 5. A comparison of total lung burden of fluorescent
coal tar compounds between 90-day continuous
and 18-montah intermittent exposure.
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Incomplete results prevent drawing conclusions on the validity of

compressed time exposures at this point except in relation to the skin

tumor incidence which-was increased by continuous exposu.ve.

The most significant finding of this experiment, ti~jwever, is the

evidence that coal tar aerosol mixed with the BT X or light oil fx.action

collected above coke ovens is carcinogenic in two rodent spe'7.ie#3. This

evidence complements the epidemiologic findings of Lloyd (1971) and of

Redmond (1973) concerning the increased incidence of cancer in coke

oven workers engaged in activities on the topside of the ovens.

A Six-Month Chronic Inhalation Exposure of Animals

to UCOAH to Determine lt.,,Oncogenic C7apacity

~.I.........Preliminary evidence that hydrazIne (N2,44) was carcinogenic at

conentatins earor t to hustri rLV led to concern for thie onco-

genic potential of unsymmnetrical dime-ttylhydrazine (ULW)H). another im-

portant military chernical which iOh b= eenported to be tuniorigenic in

Sanimals by Roo (1967). Toth (.71. 1973) and Druckrey et al. (1967).

This concern resulto. in a serit~ of chrunic W~halation toxicity experi-

ments conducted to3xamine the hazard 3.ssodated with UL LMH exposure.
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The details of the experimental rationale and protocol were presented in

the last annual report (MacEwen and Vernot, 1975) along with data ob-

tained during the 6-month exposure period of animals to S and 0.5 ppm

UDMH and through 4 of 6 months planned exposures to 0.05 ppm UDMH.

This report covers data accumulated since that time. Currently, all

study groups are in the postexposure phase of the experiment. A: this

writing, animals exposed to 5 ppm or 0.5 ppm are 14-1/2 months post-

exposure. Animals that received 0.05 ppm are 11-1/2 months postexpo-

sure with the exception of the hamsters. Respiratory disease disallowed

use of the first group received from the vendor, but the second group

was healthy and began exposure 2 months later.

Significant exposure effects of 0.5 and 5 ppmL UDMH were limited

to slight to moderate but transitory hepatotoxicity in dogs exposed to the

5 ppm concentration. Dogs exposed to 5 ppm UDM- on a 6 hour/day, 5

day/week schedule developed significantly elevated serum glutamic pyru-

vic transaminase (SGPT) levels by the fourth week of exposure. At 6 weeks.

the mean SGPT value for the exposed dogs was 3 times the control level.

Throughout the remaining 20 weeks of exposure, SGPT values for the ex-

posed dogs (Table 11) were stable at levels 3-4 times those of the

control group. A trend to recovery, approximately 50% reduction,
was seen in measurements made 2 weeks postexposure. Subeqten valaxe"
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~ '.,TABLE 11. EFFECT OF 6-MONTH INHALATION EXPOSURE TO
5 PPM UDM/H ON SERUM GLUTAMIC PYRUVIC TRANSAMAINASE

LEVELS IN DOGS
[Group Mvean Valiues (N 8)

Weeks of
Exposure Control Group Eposed Group

2 261 32
4 27 79*

I6 27 102*
8 25 118*

... 10 2.6 118*
† 'I12 31 116*

.1 ~14 -

16 22 88*
S18 23 107*'

I20 23 99*
22 20 97*
24 22 100*
26 25 86*

Weeks

2 22 37*
4 23 42*
8 22 36*

jA11 23 35*
27033 30

47* 40 37

'hn~exiatiaual Units
*Sigutfjcant at the 0. 01 level.

**Measurements made at Brooks AFB8,
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at 4, 8 and 11 weeks postexposure showed no further reductions. However,

when the dogs were sampled again (at BrooLs AFB where they are being main-

tained) at 27 and 47 weeks postexposure, SGPT values were completely

normal when compared with control animal values.

Liver function tests were performed on dogs at exposure termina-

tion and a 4, 8, 11 and 38 weeks postexposure. Bromsulphalein (BSP)

measured in the blood of the 5 ppm exposed dogs 10 minutes following a 10

mg/kg injection showed significant retention at exposure termination, 4

and 8 weeks postexposure. Althou~gh the mean 13SP retention values for the

I ' exposed dogs at 4 weeks postexposure indicated no trend to recovery, an

examination of individual values revealed 10-25% reduction in values for

6 of 8 dogs. As seen in Table 12, recovery occurred at 11 weeks posteXPo-

sure. BSP measurements made at Brooks AFB 38 weeks postexposure show
no abnormal values for the exposed dogs. Their values for control and ex-

posed dogs are noticeably less than ours, and probably represent differences

in the 8SP test method.
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4" TABLE 12. MEAN BROMISULPHALEIN RETENTION VALIUES*
IN CONTROLtI AN 5 PPM UDMH EXPOSED DOGS

Time Control 5 ppm
Exposure Termination

I26 Weeks 18.1 -30. 3**

Weeks Postexposure
4 Weeks 20.:7 219. 5*
8 Weeks 13.8 30. 0**
11'Weeks 18.0 21.8
-38 Week-, 11.4 12.3

*Percent retention.
I ** Significantly higher than controls at the 0. 05 level.

SMeasurements made. at Brooks AFB.

The numbers of animasls Ilhat died dui-ing the 16 months of exposure

to 5 ppm and 0. 5 ppm [JOMF are shown in Table 13. This table was shown

in the 1975 annual report and cause of death in miuse atez.. hamster groups

was discussed. In no case was death attributed to LUDMH exposure. Ivor-

tality ratios at 12 months postexposure are presented in Table 14. Thej numbers inchlue antimals that died during the exposure phase of the study.

TABLE 13. MORTALrI1Y RATIOS IN CONTR OL AND) UDMHI BXPCS~ED ANIMALS AT EXPOSURE TERMINATION

tExperimental Group 1?2gs Ratrs Mice Banisters

. .AControl 0/8 0/200 7/400 .13/200
0. 5 ppm 0/8 0/200 6/400 24/200
5 ppm 0/8 1/200 8/400 22/200
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TABLE 14. MORTALITY RATIOS IN CONTROL AND UDMH

EXPOSED ANIMALS AT 12 MONTHS POSTEXPOSIJRE

Experimental Group jas Rats Mice Hamsters

Control 0/8 54/200 50/400 1.90/200
0. 5 ppm 0/8 14/200 58/400 181/200
5 ppm 0/8 9/200 58/400 183/200

The mortality figures for all hamster groups are quite high in

comparison to those for the rats and mice. This is due to their shorter

life span. The aging process was reflected in the pathology findings.

Fluid filled hepatic cysts were found in almost every animal, but thc

common cause of death in hamsters from all groups in this study was

renal insufficiency due to severe amyloidosis. Ithe small number of

surviving hamsters prompted their sacrifice at 12-1/2 months post-

exposure. Gross pathology results were the same as seen in hamsters

that died postexposure.

Table 14 also shows a disproportionately large number of control

rat deaths relative to the exposed groups. Approximately 40 control rats

die-dfrom an apizootic respiratiory infection which Occurred in an antmai

holding facility 3 months- after the exposure phase of rthe stuidy. Fortutiate-

lyý all ofthr experimenutal animals were matintainedW. in a differunt locatloo,

Deaths in groups of exposed and control mic-e are nearly the samne;

fore, no toxicological significance Is attributed to mortality hi exposed
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mice. At 12 months postexposure the mice were approximately 20 months

of age. Mortality ranged from 12.5%T in the control group to 14.5% in

both exposed groups which probably represents natural attrition. Corn

piete histopathology on all rodents that died postexposure is not available

at this time.

~1 ~As mentioned previously, the 6-month exposure of animals to 0. 05

ppm UDMH was completed during 1975 and the dogs, rats and mice are

1-1/2 months postexposure. while the hamsters are 9-1/2 months post-

ex~posure.

Hepatotoxicity as meaisured by SUPT leve~.s was not deio0-

[ ~straited in the 0.05 ppm UDMII dog exposure group. Anl clinical blood

measurements ukod in the 5 ppmn and 0. 5 ppm study oni the saxAý time

schedule were normial aind showed no trends. to adverse offea. Exp~osed-

and contro dogsr are beIng ia intainedW at UrooksAFB. Hematology. growth

and clinical chemistry vzflues remalined normal whenl determinations wo-re

* made at 21 and 34 weeks postexposure.

Mean body weoighs of dogs and mice were- comparable to Eheir Lxxi -

t1XolS throtugkut the eqxpsure phase of the study and into the postexp)sure

phase thus far. Welighs of exposed hamsters ard ratsi are statistically
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lower than controls throughout the 6-month exposure and have continued

to lag behind control values during the postexposure observation period.

Very few deaths occurred in rats, mice and hamsters, and none in

dogs during the 6 months of exp~osure to 0. 05 ppm UDMH. Deaths that did

mortality ratios.

TABLE 15. POSTEXPOSURE* MORTALITY RATIOS IN
CON'MOL AND UIUMH EXPOSED ANIMALS

Expe~rimental Group 2 s Rats Mice Hammters

Control 0/pi 8/200 66/400 31/200
0. 05 ppm 0/8 7/200 31/400 69/200

*Dogs, rats and mice 9-1/2 mionths postexpusure.I ~Hamsters 7-102 months po~stexpsure.

Cause of death in exposad and cotriol hamsters was largely due to

manifestation of aging in this six... sas discussW-hin the- results of "TpO-

sureO to 5 wpm andW 0.-5 )ppmu UDM\H. I11o mnalfunctiona of a ne0w automatic

wateringV system cv'~cd the Irowning of 25 of the exposed- hainater group

and 29 wintrol mice htous&x xt Ehu Vivarium.

Significaknt exposura affocts of hVMHcnetainlvlud

in this studly were limifted, to reversibl cptoxcy in dogs-epslt

the 5 ppmn level. liSt rowli~tion values were normial ai I1I wee-ks postoxposure.
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Elevated SGPT values showed 50%, reductions by 2 weeks postexposure and com -

plete recovery by 27 weeks. On the basis of the tests and measurements used

in this study, the current TLV of 0.5 ppm UDMH appears to be well chosen
... without consideration of the oncogenic capacity of this compound. Tumor

incidence will be assessed during the lifetime observation and testing of

the rodents and dogs.

The rats and mice from this study will undergo definitive histopatho-

logic examinations in our laboratory while hanist..rs will only receive pre-

liminary examination for cause of death and presence of neoplasia. The

definitive workup of tissue from the hamsters will be done by the USAF

School of Aerospace Medicine/VSP, Brooks AFB, Texas. Thirty separate
"-T.* tissues will be regularly examined, along with any tumor masses in other

tissues, following the suggested standard protocol for cancer screening

studies of the National Cancer Institute.

Htsropathology data collected thus far reveals some tumorigenesis

in UDMH exposed rats, mice and hamsters. However, tumors have also

been seen in the control animals. Insufficient data at this time precludes

.•:. firm comparisons of tumor incidence in the exposed and control animals.

Nevertheless, a few general comments can be made. The presence of

hematopoietic tumors, including lymphopoletic and retictlum creJl sarcomas,
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is common in aged mice, and these types appear to dominate in this study.

Tumors seen thus far in the exposed rats are the common high incidence

neoplasms of aged rat-s. The presence of a high percentage of hematopoietic

and reticuloendothelial tumors in both control and exposed hamsters was

unexpected since these tumors are thought to be uncommon in this species,

unlike adrenal tumors which are commonplace in aged hamsterý. This

study is being continued.

Feroral Toxicity of Dlmethylnitrosamine

J Dimethylnitrosamine (DMNA), a well-k-nown carcinogen, was found

to be a trace impurity in commercial UDMH. and was found to be present

at a 0. 12% concentration ini the supply of UDMH used in the oncogenic

studies of that chemical conducted at the THRU. At the time the LJDMH

F-4 experiments were initiated, we were not conccraed wkth this trace emount

of [)MNA as a contaminant since it was ubiquit~ous in any sample of UDIMH

A having been an intermediary in the manufacturing process. We had calcu-

kIt that this amount of contamination of the UDM11 would, at worst,

result in a 6 ppb concentration of DMNA In the highstLIM e Losr

conicentration. We did not think that this level of O.'MNA could c.Ls any7

effocts *
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We became concerned with the possible effect of DMNA on the

experimental results of the UDMH exposures when the dogs showed

evidence of mild hepatotoxicity, a finding that had not been previously

reported from acute or subchronic exposures of animals to UDMH.

There was adequate evidence of the hepatotoxicity of DMNA but

all published data were from exposures to grossly higher concentrations

(ordoses several orders of magnitude greater) and no dose response

was available for extrapolation to the probable DMNA contamination

levels experienced in our studies. In order to obtain some information

on the possible hepatotoxicity of DMNA at very low doses, a study of its

S.-.oral toxicity to mice was performed.

1 .Male mice (CF-i, 15 to 20 grams, Harlan Industries, Inc.)

received repeated oral doses of various concentrations of DMNA each

working day over a period of 28 calendar days. Mice at the two lowest

: concentrations and controls continued to be dosed through 60 calendar

days. The doses given were the oral equivalents of calculated inhalation

-N.o 4. concentrations expected to result from 6-hour exposures to vapors of

"DMNA. The oral doses used in this study along with the equivalent in-

halation concentrations are listed in Table 16.
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TABLE 16. COMPARISON OF DAILY ORAL DOSES OF DMNA
GIVEN TO MICE WITH THE CALCULATED THEORETICAL

EQUIVALENT 6-HOUR INHALATION CONCENTRATION

Oral Dose Eqialn Mice per Group

5 y/kg 5 ppb 55
10 jug/kg 10 ppb 55
50 pg/kg 50 ppb 35

500 ig/kg 500 ppb 35
1 mg/kg 1000 ppb 35
5 mg/kg 5000 ppb 35

contols ppb55

The compound was administered as a solution in distilled water.

* Glass syringes with special oral dosing needles were used to administer

the compound to the mice. The nonfasted mice were weighed daily, prior

to dosing, to determine the proper injection volume. Control mice re-

ceived a daily peroral injection of distilled water.

2 Five mice from each group (including controls) were sacrificed

after 7, 9, 14, 21 and 28 calendar days. At the four highest dose levels,

all survivors were sacrificed after 28 days. The two lowest dose levels

and controls. continued to receive daily doses through 60 calendar days at

which time all survivors were. sacrific-d. -

The I ivera- were removed f rom all mice that dicd or were sacri-

ficed. The liver tissue wkas processed and prepared for hisropathologic

examination. The remaining mouse carcass was labeled aml stored in

formalin for possible future evalu~at ion.
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Very few deaths occurred during the dosing regimen. Most deaths

were caused by extraneous infections and were unrelated to the toxic action

of the contaminant or trauma Induced by the dosing procedure.

A " Histopathological examination of the mice that were sacrificed

at the prescribed time periods revealed some fatty change in the livers of

mice receiving doses of 50 micrograms/kg or higher. Table 17 gives a

summary of the histological results. The mice from the two low dose

levels show varying degrees of hepatocyte vacuolation in 73 to 79% of the

mice examined with increased fat deposition. However, the control group

:•: * : also shows hepatocyte vacuolation in 64% with minimal fatty changes in

about 30-40% of the mice which indicates that the small increase over con-

trol levels in these two low dose groups may be insignificant. The inc-

:.i dence of hepatocyte vacuolation in all other dose groups is 90% or greater,

-• is dos~age related,and most likely biologically significant. The livers of

- the mice at the highest dose level also had a high Incidence (947) of hepa-to-
cellular necrosis, a deofinite indication of liver tissue damage. There also

-:, appeared to be a dose related increase in fat accumulation of the treated

animals.

Liver sections of these animals are in the preparation stage for

electron microscopy analyses. This examination should be able to determine
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4 the subcellular effects of OMNA on the livers of all the animals but, more

particularlyr, determine whether or not the livers of the mice at the two

lower dose levels were affected.

TABLE 17. LIVER CHANGES IN MICE AFTER REPEATED ORAL
EXOSURE TO DIMETHYLNITROSAMINE

Contaminant
Concentration Effects Observed

Controls Varying degrees of hepatocyte vacuolat ion in 66%;,
of m ice.

5 micrograms/kg Varying degrees of hepatocyte vacuolat ion In 79%0
of mice.

10 micrograms/kg Varying degrees of hepatocyte vacuolation in 90%
of mice.

50 micrograms/kg Varying degrees of hepatocyte vacuolation in 100%
of m Ice.

500 micrograms/kg Vat-ylng degrees of hfpatocyte vacuolation in 92%
~, . . .of mIIIfe.

I mg/kgVaryinig degrees of hepatocxyte vacuolation in 97%O
of mniec.

5 nig/kg Varying degree's of hepatocyte vacuolatlon In 97%
A of mice. liepatocal1lular necrosis in 94%. of mice.
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Hepatotoxic Response in Dogs to the Inhalation of Trace

Amounts of Dimethylnitrosamine (DMNA) in

11-Dimethyihydrazine (UDMH)

The finding of significantly elevated serum glutamic pyruvic

* transamninase (SGP'F) levels in dogs exposed to 5 ppm UDMH on a

6 hour/day, 5 day/week regimen, as previously reported, was surpris-

ing since UDMH had not been shown to be hepatotoxic by earlier investi-

gators conducting acute and subchronic toxicity studies. The corrobora-

tive finding of moderately but significantly elevated bromsulphalein (DSP)

retention values in the dogs was also strong evidence of hepatotoxicity.

The effect was shown to be reversible when the dogs were removed

from the exposure and placed in clean air. liSP values returned to control

levels within 3 months and the enzyme measurement of SGPT was within

~~ normallimits at 27 weeks pDostexposaure.

Since the UUM'H used in the oncogenic studies cont~ained approxd -

mately 0. 12% L)MNA, a known liver toxin, we initiated a ser~ies of

short studies to clarify this matter. The first of these was the pororal

* '~' ~ dosing of mice with graded doses of L)MNA previously described and

die secomyd study consisted of exposing four dogs (2ale n eae

6 hours daily 5 days/week to a 5 ppm concentration of UDMH w~h"
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had been redistilled and which was, by the best analytical techniques

available, free from any DMNA. A similar group of 2 male and 2

female dogs served as controls for comparative blood tests and were

sham exposed in an adjacent Rochester inhalation exposure chamber.

Both chambers were operated with nominal airflows of 30 cfm at a

slightly reduced pressure t- prevent leakage of the test chemical into

the laboratory atmosphere. The analysis of chamber contaminant con-

centration was continuous, utilizing an AutoAnalyzer colorimetric

technique which was the same method used for monitoring UEN4H in the

6-month inhalation study mentioned previously. Blood samples were

drawn from all dogs at biweekly intervals or more often and clinical

determinations made for the following battery of tests:

RBC Calcium

WBC Glucose

HCT Total Protein

HGB0 Albumin

Differential Cell Count Globulin

Sodium SGOT

Potassium Alkaline PhDsphatase
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Bromsulphalein (BSP) retention times were determined at the beginning

and end of the study. Baseline measurements were available for all dogs

for at least 2 months prior to this study, thus insuring selection of

healthy animals with stable blood parameters.

During the course of the experiments, liver wedge biopsies were

taken from all dogs for pathologic examination. At the conclusion, all

.* ~ dogs were sacrificed and major organs submitted for gross and histo-

pathology.

In the first and second phases of this study, the test dogs were

exposed to 5 ppm UDMH determined to be free of DMhNA by mass spec-

trometric analysis. In the final phase, 2 dogs that served as controls

> - in the first phases were exposed to a mixture of 0. 12% DMNA in UDMH

which gave an air concentration of an estnmited 6 ppb DMNA and essen-

tially 5 ppm measured UDMH.

.. -The first exposure phase was conducted for 8-1/2 weeks on a

RI;6 lhour/day sol -ducule omitting weekendis and holidays. This was a dupli-

cation of the exposure regimen used in the 6-mionth study. As seen In

Table 18, there were no signif icant changes in meain SGPTr values for the

exposed dogs and all other clinical chemistry deterfinations were normal
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TABLE 18. MEAN SGPT VALUES OF DOGS EXPOSED TO
~ ~ ,,.~5 PPM UDMH( 1 AND CONTROLS

Sanj Period Mean SGPT Value (International Units)

ExposControl( 2 )
Preexposure

2 Months 36.8 30.0

1lMonth 25.8 24.0

1 eek3. 30.0

Inte~rmittent Exposure

2 Weeks 37.8 32.8

4 Weeks 37.8 34.0

k6 Weeks 32.0 29.0

8-1/2 We -a 36.8 32.0

Before Continuous Exposwre 48.9* 45.1

7 Days Continuous Exposure 41.5 37.5

13 Days Continuo~us Exposure 44.8 30.1

(')Free of DMNA by mass spectronictric analysis.

(2)N ,4
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x.... .when compared to control values. To examine the possibility that 5 ppm

LUDMH (free of DMNA) may have caused liver changes not revealed by

SGPT measurements, liver wedge biopsies were taken from all exposed

and control dogs for pathologic examination at the conclusion of 8-1/2

weeks of exposure. Histopathologic differences between exposed and

control tissues were marginal, but it appeared that cytoplasmic degener-

"ative changes in liver cord cells might be s lightly greater and more fre-

quent in the UDMH exposed animals. There was also a modest increase

AN't • in the amount of yellow-brown granular material seen accumulated in

Kupffer's cells of exposed dog tissue.

The dogs were rested 5 days following surgery after which con-

tinuous exposure to 5 ppm UDIMH (free of DMNA) was begun to see whether

this would cause SGPT changes in exposed animals. Results of SGPT de-

terminations made after 7 days of exposure and at the conclusion of the

second phase, 13 days, are shown in Table 18. The data collectedl In this

study clearly Illustrate that neith-r intermittent exposure for 8-1/2 weeks

nor continuous exposure for 13 days to 5 ppm UDMH (free of DLM NA) has

tany hepatotoxic effect in dogs.

,,.4
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In the final test phase, the female control dogs were placed in

the exposure chamber and the female exposed dogs were placed in the

control chamber. This interchange was made to eliminate any possi-8

bility of sensitization of the dogs by exposure to UDMH before this final

experiment began. The experiment was started within a few hours after

the cessation of the previous one and the dogs were exposed for 16 days

continuously to the mixture of UDMH and DMNA. As seen in Table 19,

there were significant SOPT elevations in blood samples taken from, ex-2

A posed dogs after 10 a,-d 16 days. Noticeable is the 25% increase in mean

SGPT values from 10 through 16 days of exposure. IJSP determinations

made on all dogs at exposure termination showed no significant differ-

ences between exposed and control mean values, nor any trend toward

elevations in individual values of the 2 exposed dogs. T7his study was.

concluded and all dogs were sacrificed and submitted for gross and histo-

pathologic examination. 1-listopathology results were the same for, expSosd

t and control dogs. liepatoc-ytes were relatively uniformuly pale and swollen

although this alteration was slightly niorc proutinent in the periacinar re-

gions. The cytoplasm containedimany eoslnophillic graniules as weU as some

yellow-brown pigment granule. The latterwNere also noted in, Kurifer cells.

Several nonspecific eosinophilic intranuclre'r inclusions were also soewn-

1the exposure to DMNA was sufficient to produce enzyme changes but. appar-

ently not quite severe enough to cause visible cellular Injur-y.
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It appears from the results of these experiments that DMNA was

the active agent producing increased SGPT levels but that the level tested

was insufficient to cause discernible hepatocellular changes or alterations

in liver function as measured by BSP retention.

Since DMNA Is a known potent hepatotoxin and proven carcinogen

in animals, the results of the 6-month UDMH (containing DMNA) chronic

inhalation exposure and the subsequent assessment of oncogenicity during

the animals lifespan should be considered carefully to0avoid unwarranted

incrimination of IJDMHi.

TABLE 19. MEAN SGPT VALUES OF DOGS CQNTINUOLkSLY
EXPOXSED TO 5 PPMI ULX~A WITH 0. 12% DMA1.. )AND CONTROLS

$atnple Rriod Mean SGPT Values (International Units)

D&.. )Lsqof ExNposure L c()ContrC)I( 2)

10 days 68.8** 42.3

I ~(1) Determined by rnuss spect" umwric analysis.

4 .,~(2)N 4.

SHigher thlwn control mnean value at the 0.015 le vel of skgnif Icazoce.
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Toxicity of Solid Rocket Motor Exhaust -Effects of- HCA, HF and

Alumina on Rodents

The firing of certain solid fuel rocket engines has been shown

to result in the emission of large quantities of hydrogen chloride (HCI),

_41 hydrogen fluoride (HF) and submicron sized particles of alumninum oxide

(alumina). The possible exposure of Air Force personnel and local

residents to these combustion products prompted a rodent lethality study

to determine the degree of hazard posed by such exposures. Although

much acute toxicity data- on [101 and HF has been generaced in zhis lab-

oratory, no information existed on effects resulting from simultaneous

expasur i to these two compounds plus alumnina particles.

Three series of 60-minute irdhalation exposures were perfornred

in an attenipt to cWassify the toxicity to rats and mice of cotbnblattons

of hetheemaeiWl. Frt single conui minant exposures wer-e tuider -

-a keii to datermine the dose. -response relationship of 1101 and that of 4I IP.

Secndconcurrimi exposurei5olt C n P eepitrndt

discover if they act in an additive. less- thani additive, or more than

additive ntanncr as IndicatEd by rodemi mortality, 11wc Lhird scrius of

We~rimnents comp rised the dupliCation Of LApos-ure concenitrations and
condtion ofs.'W ciu .tFan d o

condtios o seectd coem-entliPand110 exixoares with the dditio

of hi&h concentrations of alumina dust. Any hicuraction of the alumina

Eo cause an alteration in toxicity would be indicatmi by greater or lesser-

............ aninial mortality.
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Test animals consisted of groups of ten male CFE (Sprague-Dawly

derived) rats' weighing between 250 and 325 grams and groups of 10 CF-1

(ICR derived) mice with weitits ranging from 25 to 32 grams.

Animals were observed for toxic signs and mortality during the

exposure and for a period of 14 days postexposure. A representative

number of test animals that died following treatment or were sacrificed

atter the 14-day observation period were submitted for gross and histo-

pathologic examination.

The exposure chamber was a modified Longley type utilizing a

sliding cage drawer to permit rapid insertion and withdrawal of test

anima!s from the contaminant equilibrated chamber. Partially dried

air with a relative humidity of approximately 23% was metered at a

rate of 11 cfm to one quadrant of chamber having a volume of 22. 1 cubic

feet.

Hydrogen fluoride vapor was supplied to the exposure chamber

from steel tanks of the pure liquid material (Matheson Gas Products)

or from gas cylinders of a 1% concentration HF in dried nitrogen.

Metering of the contaminant was accomplished with a Teflon flowmeter

. (Mace 16032) or a Hastings Raydist Mass Flowmeter (Model LF-20K).
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A glass tlowmeter was used to meter HCl vapors from a steel

cylinder of the pure liquid material (Matheson Gas Products).

Anhydrous aluminum oxide powder of the gamma form with an

upper particle size limit of 1.4 micron was acquired from a commercial

source (Research Organic/Inorganic Chemical Corporation). Delivery

of the alumina particles wai accomplished with a modified fluildizing

dust generator (Figure 6) of the type described by Drew and Laskin

(1971). Modifications consisted of a more powerful fan motor and the

pressurization of the fluidizing chamber. This enabled the generation

) of much higher dust concentarations for longer periods than possible with

the unmodified device.

Continuous analyses of HF and HCI concentrations in the exposure

j chamber were provided by utilizing specific ion electrodes. Known vol-

umies of cham-ber atmosphere were mixed in a gas scrubber columnv with.1

* known amounts of an aqueous reagent absorber. Tho solution was then

passed through a flow cell containing the ion and reference electrodes.

Calibration of the electrodes was done prior to every exposure.
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ALUMINA DUST GENERATOR

*TO CHAMBER

AIRAIR

AI

110fl V AC MOTOR

Figure 6. Fluidizing duct generator used for aeiosolization of
alumitna pakrticles,
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-. The analysis of alumina exposure concentrations was performed

by a gravimetric method. Samples of the chamber atmosphere were

- drawn at a rate of 10 liters per minute through a sample head (Gelman

Model 1220) containing two membrane filters having a pore size of 0. 45

and 0. 2 micron (Gelman, 47 mm, type GA-6 and type GA -8). Alumina

concentrations, expressed in mil-"rms per cubic meter, were deter-

mined 12 times for each one hour exposure.

Statistical analysis of mortality data was accomplished using

. the BMI003S Biomedical Computer Program, Biological Assay - Probit

I I Analysis MAethod.

The 60-minute LC 50 values for rats and mice exposed to HCI

vapors alone are 3124 ppm and 1108 ppm, respectively, Mortality re-

sponse data for individual exposures are shown in Table 20.

Toxic signs noted during exposure to HCI included increased

grooming, irritation of eyes, mucous membranes and exposed skin.

A rapid, shallow. breathing •torn -and fur discoloration to a yellow-

green were noted by the end of 60 minutes.
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TABLE 20. MORTALITY RESPONSE OF RATS AND) MICE
EXPOSED TO HCl VAPORS FOR 60 MINUTES

Rats Mice
Concentration Mortality Concentration Mortality

jppm) Ratio (ppm) Ratio

1813 0/10 557 2/10
2585 2/10 985 3/10
3274 6/10 1387 6/10

7-!3941 8/10 1902 8/10
4455 10/10 2476 10/10

LC,50 and 95%0 C. L. LC50 and 95%, C. L.=
3124 ppm (2829-3450) 1108 ppm (874-1404)

* Necropsy of animals dying during or after exposure revealed

pulmonary congestion and intestinal hemorrhages in both rats and mice,

4 with rats also exhibiting thymic hemorrhages.

Mortality data for rats and mnice exposed to various concentrations

of HF vapors alone are shown in Table 21. LC5 0 concentrations we~re

1395 ppmn for rats and 342 ppm for mice.

TABLL 21. MORTALITY RESPONSE OF RATS AND MICE
EXPOSED TO HF VAPORS FOR 60 MINUTES

Rats Mice ___

Concentration Mo~rtafiy xc~en tiFalnWlorallty

1405 3/10 324 7/10
1565 8/10 381 6/10
1765 10/10 458 9/10

LC~ and 95%C. L.= LQ,5and95% C.L.
1A ~ ppm (1302-1495) 342 ppm (315-372)
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Symptoms of rats and mice during e:cposure included eye and

mucous membrane irritation, respiratory distress, corneal opacity

and erythema of exposed skin.

Pathologic examination of rats dying during or after exposure

showed pulmonary congestion, intraalveolar edema and some cases of

thymic hemorrhage. Mice exhibited pulmonary congestion and

hemorrhage.

The purpose of the next series of experiments was to determine

if any toxic interactions exist from simultaneous exposures to HQ and

HF. By defining a dose response relationship, It can be shown whether

the combination results in additive, less than additive, or more than

additive effects. The mortality respoise of rats obtained from simnul-

taneous exposure to various concentrations of HU and HF is shown in

Table 22.

TABLE 22. MORTALITY RESPONSE OF.- RATS EXPOSED FOR
60 MINUI'ES TO COMBINATIONS OF HCI AND HF VAPORS

HCI, ppm H.F, ppm Mortality

1292 493 80%
1366 580 50t
1421 610 30%
1564 570 40%
1505 640 10%
1685 786 60%
1845 823 80%
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Figure 7 is a graphic representation of the mortality response

of rats obtained from exposure to HCI and HF singly and in combination.

The line marked HCI is the probit regression line obtained from plotting

percent mortality (converted to probits) versus the log of the average

concentration during the exposures to HCI alone. The line marked HF

is the probit regression line for the HF only exposures. The equations

of the probit regression lines were obtained from the computer print-

outs during statistical analysis and are as follows for rats:

Probit response = 4.9 (In of HCI conc.) - 34.426 (1)

Probit response = 6. 481 (In of HF conc.) - 41.928 (2)

Analysis of the simultaneous exposure data was performed by

the use of these equations to convert HF concentrations to the equiva-

4 .lent HCI concentration necessary to produce the same mortality re-

sponse. The addition of the actual HCI concentration plus the concen-

tration of HF expressed as its equivalent HCI concentration equals a

total effective HOC concentration. For example, a concemtration of 786

ppm HF and 1685 ppm HCI was achieved during a simultaneous exposure

and produced 6%mortality in rats. Thie probiL response for an expo-

sure of rats to HF alone was calculated by inserting the log of 786 into

equation 2. The obtained probit response (1. 2803) was then substituted

into the HCI equation and the equivalent concentration of HCI was cal-

culated to be 1460 ppm.
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The point plotted from the total 3145 ppm (1685 ppm + 1460 ppm)

giving a 60,70 mortality plus the other points derived from the above me-

thod are represented by circles in Figure 7.

Note that the points are distributed along and slightly below the

probit regression line for HCI. This indicates that the effects of HCl

and HF are almost entirely additive or more than additive effects re-

spectively. Additivity is not surprising considering the similar chem-

ical nature and target organs of the two compounds.

Table 23 shows the mortality response of mice exposed to H101

and HF concurrently.

TABLE 23. MORTALITY RESPONSE OF MICE EXPOSED FOR

1 60 MINUTES TO COMBINATIONS OF HCI AND HF VAPORS

110 12, ppm HF, ppm Motali

555 169 20%o
816 197 20%
816 197 20%S47 230 6070
808 267 40%

1875 284 20%
e91p o9 7o1 23

. Figure 8 depicts graphically the dose resF' ose data for mice

exposed to HCI mid HF singly and in combbination.
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The equations of the probit regression lines for mice are as

j follows:

Probit response =1. 737 (In of HCI conc.) 7. 177 (3)

Erobit response =5. 075 (In of HF conc.) - 24.618 (4)

As in the rat data, the circles in Figure 8 are plots of the total

j ~eciuivalent HI-I concentration versus mortality during simultaneous expo-

* I sures. Again, the points are distributed along the HCI probit regression
line. Therefore, additivity of effect of HCI and HF for mice is also

indicated.

Gross and his topathologi examination of rats and mice exposed

to combinations of HCI and lil' revealed no additional sites of damiage

from thiose seen of single exposures.

At dths stage of investigation, an exposure of 10 rats and 10 mice

to an average 478 1mg/1113 of alumina. dust for 60 minutes was performed.
Symptozuatology included vigorous grooming during the first quarter of

the exposure. followed by signs of mechanical irritation to the eyes and

nasal passages as indicated by hialf closed eyos and sneezing-like activity.
* No txic efects wre apprn immdiately postexposure, nor in the

14-days following. All animals survived and had normal weighit gains.

Gross and histopathiologic examaLlon at the cand of the postexposue

observation period shiowed normal tissue wait no Uchanges attributable to

the cxposure.
110 63
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Spectrographic analysis of lung tissue from control animals and

from rats and mice sacrificed immediately after the exposure to alumina

dust revealed that a significant amount of alumina had been deposited

in the lungs of exposed animals.

- ,The last series of exposures investigated the change in toxicity,

if any, produced by the addition of high concentrations of alumina dust

to an atmosphere containing HCI and HF gases. Although HCI and HF

act primarily as pulmonary irritants and mainly affect upper respiratory

* tissue, it is possible that the gases could be adsorbed onto the alumina

particles and carried into the more inaccessible parts of the lung.

An apparent positive or negative effect of -alumina to produce

rat mortality greater or lesser than seen in the duplicate exposure wid•-

out alumina is represented by a plus or minus sign In Table 24. The

same information for mice is shown in Table 25.

Lach exposure pair was conducted- on the same day using animals

from the same lot, with contaminant ind analysis chemicals from the

same batch.
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TABLE 24. MORTALITY RESPONSE OF RATS EXPOSED TO
HF, HCI AND ALUMINA FOR 60 MINUTES

HCI Cone. HF Cone. A12 03 Conc Apparent
p ppmm/n Mortality Alumina Effect

875 284 0
911 290 232 0

1421 610 30%0
1366 580 505 50% +

1564 570 40%0
1505 640 538 10%0

184,5 823 80%0
1685 786 610 60%0

TABLE 25. MORTALITY RESPONSE OF MICE EXPOSED TO
'4HF, HCIC, AND ALUMINA FOR 60 MINUTES

11ICR Conc. HF Cone. A1903 Cbonc.. Apparent
pp P/PMMralt Alumirnafec

375 151 0
428 147 121 0

55,5 169 2%
541 175 128 0-

816i 197 - 20%
816 197 156 20%y 0

875 284 20%
911 290 232 Wk%

1564 570 100
1505 640 538 10
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Gross and histopathologic examination of animals exposed to

all three materials showed the metype of damage as exposure to H-CI

and HF combinations.

Our results indicate that the addition of alumina dust to H~l and

HF comnbination exposure..had norio et effect on roydent mortality.

In sumniaiy -h~purpose of this investigation was to determinii

the degree of hazard posed by simultaneous acute inhalation of HCI, HF
and alumina dust. LC50 conce atrat ions for rats and miewredtrid

for 60 -minute exposures to HQt alone and to HF alone. Combination

* exposures to vartnus concentrations of 801 and HF vrapors provided

information that could be analyzed by p-robit analysis te miqk*-, It*

was shown in exposures of rodents to both corroslive gases swwAnultnously

'litis, cmic compound did not potenciatie trva-dz the effects- of

d the other. The add-ition of alumina dust to atmosoter containing HCt

Nt) and Hi' vapors-drid not increase or &vectease vldent mortality.
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Toxicity of ligh Density Jet Fuel Components

A new aircraft fuel has been developed for e-vending the flight

range before refueling. The fuel designated JP-9 is a mixture of three

primary ingredients, namely RJ-4, RJ-5, and methylcyclohexane.

RJ-4 and RJ-5 are high density hydrocarbons piteding a greater BTU

"output per unit volume than conventional jet aircraft fuels. They also

have & higher viscosity which causes pumping or flow problems at low

tonperattires which is the reason for the addition of methylcyclohexane

Li j to the mizture. The precise composition of the JP-9 fuel is not fixed

but will be tailored for use in specific aircraft sysemns. Although no

toxicity data are availahle for JP-9 fuel, it is not meaningful to evaluate

the entire mixtttre for two reamis.s flist, the actual mixture has not

bIe)- set, and second, metiW, kyclohcxane is extremely volatile in com-

parismi with the other owistituents and would dominate the vapor epo -

sure mixture, thus masking the effects of RJ -4 and RI -5.

The acute and chronic toxicity studios on methylcyclohexane

have been re)orted by Treoo ea al. (1943). Acuto eqxsurft of rabbir

to inhaled c centrationas of methylcyclohexane above 10,000 ppm

(s{ 40 mg/liter) caused significant weight loss, varcosis and eovlsions

while a concentration of 15. 227 ppin was fatal in slighly ov.er oue hour.
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Repeated daily, 5-hour exposures of rabbits to concentrations of 1162

ppm or lower for periods up to 10 weeks produced no measurable or

observable signs of toxicity.

Some of the physical chemical properties of RJ-4, RJ-5 and

methylcyclohexane are shown in Table 26. RJ-4 is a mixture of isomers

of perhydromethylcyclopentadiene. RJ -5, also known as "Shelldyne H",

is a mixture of reduced dimers of bicycloheptadiene. Noticeable in

Table 26 are the very low vapor pressures of RJ-4 and RJ-5 relative

to that for methylcyclohexane. The vapor pressures of RJ-4 and RJ-5

are approximately 100 and 1500 times lesq respectively, than methyl-

cyclohexane. This information is basic to the consideration of the

hazard (the probability of injury in use) of these fuels.

To examine the acute inhalation hazard and to obtain experi-

mentally determined saturation concentrations as an aid in the selection

of vapor levels for Ihe chronic study, groups of six rats each were ex-

posed for 6 hours to essentially saturated vapors of each compound.

No adverse effects were seen during exposure. Pathologic examination

after 14 -clay postexposure observation showed no abnormalities. Peroral

doses of 4 g/kg RJ-5 in corn oil were not lethal to a group of 3 rats;

however, 2 of 3 mice succumbed to a 250 mg/kg dose.
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and, The toxicity of RJ-4 and RJ-5 has not been reported previously

and it was, therefore, necessary to conduct chronic inhalation studies

with these materials to evaluate their potential health hazard.

Accordingly then, concentrations of 0. 15 mg/liter RJ-5 and

2 mg/liter RJ-4 were selected for the 6-month chronic exposure of 4

animal species. The levels chosen are slightly below saturation vapor

pressures so that condensation on chamber surfaces would not occur.

Each experimental group and the unexposed chamber controls

consisted initially of 4 female and 4 male beagle dogs, 50 male CFE

rats, 40 female CF-1 mice, and an uneven mixture of male and female

Macaca mulatta monkeys, 4 per chamber.

TABLE 26. PHYSICAL CHEMICAL PROPERTIES OF RJ-4, RJ-5
AND METHYLCYCLOHEXANE

RJ-4 R-5 MCH

Empirical Formula C12H20 C14 H20  C714

Molecular Weight 164 188 98

Boiling Point (OF) 431 522 213

Vapor Pressure (70 F) 0.354 mm Hg 0.025 mm Hg 42 mm Hg
Density (70 F) 0. 925 g/ml 1.0813 g/ml 0.7660 g/ml
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.. . . .Each group of animals was housed in separate Thomas Domes

operated with nominal airflows of 40 cfm at a slightly reduced pressure,

725 mm Hg, to avoid leakage of the hydrocarbons. Temperatures were

controlled at 72 + 2 F and relative humidity at 50 + 10%. Exposures

were conducted on a 6 hour/day, 5 day/week schedule. No exposures

were made on weekends and holidays. Upon completio.i of the daily

exposures, the chambers containing RJ-4 and RJ-5 were purged with
air for 30 minutes before lifting the dome tops. Cleaning of the cham-

bers was done and residual food replaced with fresh supplies at this

time.

Although expected to be low, the toxicities of the chemicals under

study are unknown except for the minimal acute animal information

mentioned earlier. Personnel working with these materials avoided skin

contact and inhalation. The vapor generation ap.,aratus and chemical

supplies were in ventilated hoods and the areas were no smoking zones.

The chamber concentrations of RJ-4 and RJ-5 were continuously

monitored using flame ionization hydrocarbon analyzers. The genera-

tion and monitoring techniques were identical to those used during the

JP-4 toxicity study.
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To measure the chronic toxicity of RJ-4-aiiid RJ1-5--a-lImited_Pnumber

of parameters were selected, With the view toward Increasing the variety

of tests should the basic battery reveal trends, or deleterious effects

during the course of the study.

All exposed animals were observed for signs of toxic stress as

well as mortality. Gross and histopathologic examinations were made on

all dead animals. Body weights of dogs, monkeys and rats were mea-

sured on a biweekly schedule. Table 27 shows the reduced battery of

clinical hematology and chemistry tests performed on blood samples

taken from dogs and monkeys on a biweekly basis. A complete battery

of clinical laboratory tests were made at the start and at the completion

of the exposures. These tests include, in addition to those shown in

Table 27, creatinine, chlorides, cholesterol, BUN, total inorganic

phosphorus, bilirubin and serum triglycerides. At final blood sam-

pling or sacrifice of the large animals, additional blood samples were

drawn for Identification and refrigerated for storage of serum. These

"banked" serum samples were stored until histopathology reports were

received and reviewed. Twenty rats and mice from each of the study

groups were retained for one-year observation following exposure ter-

mination to evaluate any postexposure effects from RJ-4 and/or RJ-5
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inhalation. All remaining animals were sacrificed at exposure termina -

tion and submitted for gross and histopathologic examination. Major

organs were taken from 20 rats from eaich- r-up-and-weighed-to-allo-w_

for comparison of mean organ weights and organ to body weight ratios.

"TABLE 27. CLINICAL BLOOD TESTS PERFORMED ON RJ-4, RJ-5
EXPOSED AND CONTROL DOGS AND MONKEYS

HCT Total Protein

HGB Calcium

RBC Glucose

WBC Alkaline Eiosphatase

Sodium SGPT

Potassium Differential Cell Count

Albumin/Globulin

A curious effect occurred in the rats exposed to RJ-4. Diarrhea

was evident in the majority of the rats at 10 weeks of exposure and con -

tinued throughout the duration of the exposure portion of the study.

Frequent postexposure observation of surviving rats revealed gradual

alleviation of this condition. At 14 weeks postexposure, there were no

signs of diarrhea.
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There were six deaths during the 6 monchs of exposure. One male

S-monkey died during the seventh week of exposure to RJ-5. Pathology
S... ............ reveaed_ _death was _due to.ga sýt~rqtcgdjlýat..tLqn• n •. • -but .......

~ believed to be unrelated to exposure. One mouse in each of the exposure

groups was sacrificed at 4 and 16 weeks of exposure due to accidental

injuries. Remaining mortality was limited to control rodents. One

mouse and one rat died of pneumonia at 1 and 24 weeks, respectively.

One rat was sacrificed at 10 weeks because of abnormal behavior in-

dicative of middle ear infection.

Mean body weights of exposed monkeys obtained on a biweekly

schedule were normal when compared with control weights taken on the

same time schedule. However, weight depressions were noted for rats

and dogs exposed to RJ-4 and RJ-5.

The growth rate of rats is shown in Figure 9. Noticeable is

the apparently subnormal gain from 2 weeks forward for both exposed

groups The mean weights of the RJ-4 exposed animals are statistically

different from control values at all time periods. However, the weights

are only about 5% less than the controls. This is certainly an

indication of stress, but of no great importance biologically. Although

at several time periods the mean weights of the RJ-5 exposed rats were
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10-12 grams less than control, statistical calculations revealed no sig-

nificant differences from control weights. The odors of RJ-4 and RJ-5

were very noticeable and objectionable even after purging of the cham-

bers after each exposure period and were thought possible to cause

appetite suppression in rats resulting. in growth suppression. To test
f..,..

this theory, food consumption measurements were made-over a 3-day

period during the 10th week of exposure. The daily results were

variable, bdt overall information suggested there was no real dif-

ference in food consumption between control and exposed rats.
/

Dog mean body weights are shown in Figure 10. Both exposed

groups of dogs gained less weighE than controls throughout the course

of the study. At first glance, it would appear that weight depression

was greater for thie RJ-5 exposed dogs. This is not the case in that

the RIJ-5 group weighed 0.5 kilograms less than the RJ-4 group at the

beginning of the study. An examination of initial and final group mean

4body weights revealed that the controls, the RJ-5 and the RJ -4 groups

gained 2. 10, 1. 22 and 0. 98 kilograms respectively. 'Therefore, comr -

parable subnormal weight gains occurred for dogs exposed to RJ-4 and
RJ -5.

Biweekly clinical blood test results collected on dogs and mon-

keys showed no abnormalities or trends to adverse hematological effect.
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There was no abnormal change in organ weights in rats exposed

to RJ-5. Mean organ weights and organ to body weight ratios are shown

in Table 28 for rats exposed to RJ-4 and controls. No toxicologic sig-

* nificance is attached to the lung weight difference between RJ-4 exposed

.. and control rodents in that body weights of RJ-4 rodents were also sig-

nificantly lower than controls. However, mean liver and kidney weights

as well as the ratios for the RJ-4 exposed rats are statistically higher

. than control values.

'TABLE 28. THE EFFECT OF 6-MONTH CHRONIC INHALATION
EXPOSURE TO RJ-4 ON RAT ORGANS l

Mean Organ Weight, Grams Organ/Body Weight Ratio
" -J-.Org•-4 Control RJ-4 Control

Liver 15.,1** 12.96 35 2.820

: Kidney 3 .5 0 **a 3.20 0.792**a 0.674

SLung 1.92**8 2.16 0. 434**3 0.471

Spleen 0.84 0.91 0.188 0.198

Heart 1.47 1.55 0.333 0.339

** Statistically different from control at 0. 01 level.

SN =20

i Significantly higher than control.

) Significantly lower than control.
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Gross pathology results for animals sacrificed at exposure con-

clusion revealed no changes attributed to RJ-4 or RJ-5 exposure. There

were no significant histopathology findings in monkeys and mice. How-

ever, acute inflammation was noted in the lungs of dogs and rats exposed

to RJ-4 and RJ-5. This information is shown in Table 29. It can be

seen that lung lesions were restricted to male RJ-4 and female RJ -5

exposed dogs while 8 of 20 RJ-4 exposed rats and 6 of 20 RJ -S exposed

rats showed bronchopneumonia.

TABLE 29. LUNG HISTOPATHOLOGY IN DOGS AND RATS
EXPOSED TO JP-9 CONSTITUENTS (RJ-4 AND RJ-5)

RJ-4 Exposed RJ-5 Exposed Controls
Dogs Rats Dogs Rats Dogs. Rats

Broncho-

neumonia 3/4 0/4 8/20 0/4 2/4 6/20 0/4 1)/4 2/20

Bronchitis 1/4 0/4 1/20 0/4 3/4 0/20 0/4 0/4 1/20

Abscess 0/4 0/4 0/20 1/4 0/4 0/20 0/4 0/4 0/20

Cause of death in groups of 20 rats and mice during the 12-month

postexposure observation period, almost without exception, was

!Ii pnewunonia. Table 30 shows the number of rodent survivors at sacri-

:' fce, one-year postxposure. Gross pathology results for the few re-

.maining rats, 2 RJ-5 exposed and 3 controls, revealed chronic respiratory
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infection in all cases. Nodules, tumor like lesions,were seen on the

lungs of exposed and control mice. One control mouse, 3 RJ -4 and 5

jRJ-5 exposed mice showed these lesions.

TABLE 30. j-9 STUDY SURVIVORS AT ONE-YEAR

POSTEXPOSURE

Group Rats Mice

RJ -4 Exposed 0/20 12/20

R-5Exposed 2/20 14/20

AControl 3/20 12/20

Histologic exam-ination of rats that died or were killed during

the 52nd week postexposure observation period were remarkably simi-

lar with consistent findings of chronic respiratory disease and glomer

ulonephrosls. One rat exposed to flJ-5 that survived the entire post-

exposur%; period had thyroid carcinoma.

I Mice that died during the postexposure period had a highi incidence

of pathologic change in all three groups as shown in Table 31.

~ 1 ' TABLE 31. INCIDL'NCE OF TUMORS IN MICE THAT DIED) DURING
THE iPOSTEXI'OSURE PERIOD

Con trol RJ74 L-xxposed RJ -5 Exposed

Sarcomas 2/5 3/6 4/6

Alveolargenic Carcinomas 1/5 -0/6 0/6

Other Tumors 0/5 1/6 0/6

78



Most of the sarcomatous lesions observed were undifferentiated

but were thought to be of hemopoietic origin. These lesions were com-

monly seen in multiple organs including the lung, spleen, liver and kidney.

Table 32 shows total incidence of the significant lesions found in all mince

during the 52-week postexposure observation period.

TABLE 32. INCIDENCE OF SIGNIFICANT LESIONS IN MICE

EXPOSED TO JP-9 CONSTITUENFS

Controls RJ -4 Exposed RJ-5SExposed

Lymphosarcoma 0/17 0/18 2/20

Alveolargenic
Carcinoma 1/17 0/18 5/20

Alveolargenic
Admonoa 0/17 2/I8 0/20

Bronchogenic
Carcinoma 0/17 0/18 1/20

ieniopoieticSarconmi 2/17 2/18 3/,V20

Myesacoma 117 1/18 1/20

Total 2umors 4/17 5/18 12/20

No lethality occurred in four animal species during 6-numth

itfhalation exposures to near saturation concentrations of RJ-4 and RJ-S.

Dogs and rats in both exposure groumps experienced body weight depres-

sions relative to their controls. Weight depressions proved to be statis-

tically lower than controls except for rats exposed to RJ-5 vapor.
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Mean liver and kidney weights as well as their ratios were significantly

elevated in RJ-4 exposed rats when compared with control data. Histo-

* ~pathology which included Oil -Red -O staining failed to reveal any fat de-'

position or abnormal alterations in liver and kidney tissue which could

account for increased organ weights in RJ-4 rats. Histopathologic

findings in exposed monkeys and mice showed no abnormalities that
were treatment related. However, for dogs and rats, considering acute

pulmonary inflat-mmatiwn as a group, i. e., abscess, bronchopneumonia

and bronchitis, the frequencies suggest respiratory irritation with the

probability of secondary bacterial inflammation. The results of clinical

hemnatology and chiemistry tests pe-rformed on dogs and monkeys pro-

vides e-vidence that no kidney, liver or hematological toxicity occurred

from chronic exposure to.RJ-4 or 11j-5 vapors.

'l'he results of this study demoNISCtatE the low oidecr of to.xicity

of JP-9 constituents cxhibitEa in exptwimental aniimals. Kidney and liver

hypeij~lasla in RI -4 exposed rats and pulmnonary irritationi in dogs and

monkeys exposed to RJ -4 and RI -5 emerge as the sa'lient results of this

study. Although the reasons for orgau hyperplasia in rats is not clear,

it is of little toxicologIC, significance In that there was no tissue des-

itruction or alteration. Although there is some indication of increased
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tumor incidence in a small number of mice held for one year

after exposure to near saturated RJ-5 vapors there is no clear cut evi-

dence that this compound is carcinogenic. Thbe lattex find j- - ~frespira -

tory irritation should be considered relative to possible human experi

ence of chronic exposure to RJ-4 or RII -5. In this regard, certain factors

must be considered. fL.e to the, r low vapor pressures, the inhalation

~i hazard (the probability of injury in use) is extremely low. The odors, of

j ~RJ-4 and RT-~5 are extremely objectionable and it is, therefore, doubtful

~Kj rnat workers would tolerate concentrations far less than those used inJthis study far any .substantial time period. F urthermore, as constituents

of JP-9 fuel, the toxicity of the mixture would be largely that of methyl -

cyclotlexane. However, considering RI -4 and RJ -5 as- sepairate, entities

I as they were testedM. both fuels show a relatively low order of toxicity ill

* experimental animals and are judged to bx- of a low hihalation hazard to
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Percutaneous, Oral and Inhalation Studies for Classification of
V.,

Toxicity Ratings for Transportable Chemical Agents

Certain materials being transported have inadequate toxicologic

data which is necessary for proper classification by the Department of

Transportation. These materials were tested in this laboratory to verify

the suitability of proposed transportation health hazards classification

criteria. This was done by determining experimentally the 14 -day oral

LDs0A in male and female rats, the 14 -day toxicity by skin absorption

and corrosive effects on rabbits, and when possible, the one-hour in-

halation LC50 o male and female rats.

The toxicity classification system published in a previous report

by Back et al. (1972) was used to categoriLze the compounds in the pres-

ent study. The following criteria were used t determine the category

into which each compound was placed.

SExtremely Highly

Toxic Toxic Toxic

Inhalation, 1 -hour 500 mg/m 3  >500-2000 >2000-200,000
LC5 0 or less mg/g/ 3 ag/m3

Oral, 14-day 5 mg/kg >5-50 >50-5000
Single Dose LDs0 or less mg/kg mg/kg

Skin Absorption 20 mg/kg >20-200 >200-20,000
(Dermal) L050 or less mg/kg mg/kg
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During the current reporting period, a group of compounds was

received and were assigned code numbers prior to testing. These com-

pounds, their code numbers and the tests to be done on each are listed

in Table 33.

A description of the methods and procedures for oral, dermal,

corrosion and inhalation testing were detailed in the last annual report

(MacEwen and Vernot, 1975). The only change from the described

methods was the fact that some inhalation exposures were done in a

9-lite" g.ass chamber with an air Clow of 9 liters/minute. 'The expo-

j !sure groups for this chamber remained at 5 rats per contaminant level.

The results of the completed acute toxicity teats and the assigned

Sclassification are shown in Tables 34 through 37.

Four compounds, sodium trichloro.s-rr'azinetriane, funiaric

Sacid, oxalic acid and tris -2-hydioxyethyl ibocyanurate caused no deaths

4 . when applied to the clipped skin of rabbits at the highest dose tested

(20,000 mg/kg) and were thereby designated 'below toxic." Two comr-

pounds, perchloromethyl inercaptan and methyl chloroformate, caused

* death at very low inhalation levels and were classified as "extrem-ely

toxic.
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N
TABLE 33. LIST OF COMPOUNDS TESTED FOR ACUTE ORAL,

INHALATION AND PERCUTANEOUS TOXICITY

* Route of Administration
Code Oral Inhal. Skin Skin
No. Compound Tox. Tax. Absorp. Corrosion

107 Perchioromerhyl mercaptan X X X
143 Boron trichioride X
144 Boron trifluoride X
165 Ethyl chioroformate X X
180 Methyl chioroformate X X
183 Nitric acid X
15~2 Pyridine X
198 Fuming sulfuric acid X
;4~53 Hydrochloric acid X
254 Sodium hydroxide X
255 Sulfuric acid x
256 Hydrofluoric acid x
2b8 Cresol (from coal tar)

technical X
S259 Cresol (from petroleum)

technical X X
o-Cresol, practicalX

260 mo rsl rcia X
262 p-Cresol, practical X

263 Sodium trichloro-s-
triazinetrione

264 umaric acidX
265 Maleic anhydride X
266 Ammonium hydroxide X
267 Oxalic acid, 5% concentration X

270 3-Methyl butyric acid
271 Tris-2-hiydroxy-.nhylisocyanurate X
273 p-Cresol (Sherwin- Williams) X X
274 Potassium hydroxide X
275 Acetic acid X
276 Blenzene sulf-onic chloride X
277 B~enzene sulfonic fluoride X
278 Sulfur dioxide X
279 Chioroacetyl chloride X
280 Trichloroethylene X
281 Suifur-yl chloride X
282 SulfuryI fluoride X
283 Sulfur chloride X
284 Sulfur dichloride X
286 Commercial carbure-tor cleaners

Gun-iout (Petinzoil)XX
No. 7 Carburetor cleaner

(Dupont) X X

3- 12 Cherniool (B~errm X X
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TABLE 33 CONTINUED

Route of Administration
Code Oral Inhal. Skin Skin
No. Compound Tox. -Tox. Absorp. Corrosion

287 Phosphotungstic, acid X
288 Chromic nitrate X X X
289 Calcium chromate X X X
290 Propargyl alcohol X X X



TABLE 34. CORROSIVE EFFECTS OF VARIOUS COMIPOUNDS ON RABBIT SKIN

Rabbit#
Compound 1 2 3 4 5 6 Remarks

Sulfuric acid 4%0 0 o o o o - Noncorrosive
Hydrofluoric acid 4%0 o 0 0 0 o - Noncorrosive
Ammonium hydroxide 10%, o o + o o o Noncorrosive

" 20%7 + + - - Corrosive
15%0 o + 0 o o + Corrosive
12%7 + + + + o + Corrosive

Hydrochloric acid 20%0 + + - - - Corrosive
"197% + o o o o o Noncorrosive

17%7 o + G + - Corrosive

Plotassium hydroxide 4%7 + + - - - - Corrosive
2%0 + + - - - - Corrosive
1% a o 0 0 0 Noncorrosive

Nitric acid 4%0 0 0 a o 0 Noncorrosive
8%0 o + o o o + Corrosive

"0 0 a 0 0 a0 Noncorrosive

Acetic acid 20%7 a 0 0 0 o0 Noncorrosive
40% 0 o o 0 0 Noncorrosive

80 0 0 0 0 Noncorrosive
" " 100% 0 0 0 a 0 Noncorrosive

Sodium hydroxeide 4%, + + + o - Corrosive
2% + o o + + - Corrosive

1% 0 0 0 a 0 Noncorrosive
paaCoo SewnWillifams) + ' orrosive

Cresol (petroleum) + o + + + - Corrosive
Perchlorornethyl mercaptan a 0 0 0 o Nonoorrosive
Carburetor cleaners

Gumout (Pennzoil) 0 0 0 0 0 Noncorrosive
No. 7 Carburetor Cleaner

(Duipont) 0 0 0 0 0 Noncorrosive
11-12 Cietnitool (Blerryman) 0 0 0 0 0 Noncorrosive

Chromic nitrate o 0 0 0 0 Noncorrosive
Calcium chromate a 0 0 0 0 Noncorrosive

+ Cused visible destruction or irreversible alteration In skin tissue after 4 hours
contact.

o, Did niot cause visible destruction or irreversible alteration in skin tissue after
4 hours contact.

-Not tozsred In that a positivc of 2/6 or a uu.gattvc of 0/5 ra-bbits has~ already Wa..6ca
produced.

86



x m

-- Is

IS 1- 1 cv

8 00 -4

t* A t%4

0 0)

o 'I Y
~8



0 0

4~bl) 4) 4

c c 0

0 -

oc ce) t

w ccN

04 N Cf.)

U)0 0q P-14 ~ v
N 00 h m" al

t-". P-4N Nin co-
:M71 ~ ~0" 0Cf ( % 'O zC' .4

- ~, -'0 'C ~ ' '~ 00 -4

00
00IN

00 co (14

(41 -tc-

o
4;:

40 4 4)

0 Ei

4U2

88



ca
to

cc x x b. 4x
.4 00 0 0 0 0 0 0

40 C 8
CN'o -~ D

C:

6 If)

41

tI) 0

CF) C'4

tm 10 4D ,

Co0 04 0. C C
U s 2.

tn *t 8m



One compound on which inhalation exposures were conducted

presented several practical as well as theoretical problems. Boron

trifluoride (BF3) is a very unstable gas which immediately forms an

aerosol when released from the gas cylinder. The aerosol formed is

a reaction product with water vapor in the air and is a mixture of

- . hydrates of BF3. Their precise composition is unknown although

. ~currently the subject of study in other laboratories. To further corn-

plicate matters BE3 reacts readily with liquid water to form fluoro-

[ .. boric acid and it is probably in the fluoroborate form when it contacts

lung surfaces in man or in experimental animals.

The series of inhalation exposures presented to male and femnale

rats were chemically monitored to determine epsr ocnrto

by collecting the air samples in an ab~sorbing tower in water and tnea -

suring tetrafluoroborate ion using an ion specific elactrode. TIhe cham-

ber ouncentrations, were calculated as if they were BF-3 by use of die.

theoretical equation:

4BW3 + 31 0* MONI + 81(01103

Standards made with NaBlF4 were coMpared with bag standards made

with measured amiounts of BF3 and calibration curves were made for

the measuring electrode. Thius the LC5O0 value is reported for BF3
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which cannot be directly seen or measured in ambient air and probably

does not exist in the lung of man or animal. The toxicity data obtained

for BF3 is however adequate to identify the hazard of exposure.

The acute toxicity tests for several compounds are still in pro-

gress. Primarily, the remaining tests are for inhalation LC50 deter-

minations which require chemical monitoring and are, therefore, more

j time consuming. These tests are progressing as scheduled and the

remaining results will be reported as available.

Toxic Hazard Evaluation of Five Atmospheric Pollutant

Effluents from Ammunition Plants

Acute toxicity studies were conduct d oan five atmospheric pol-

lutants res uthig from the nanufacture of munitLions to evaluate the com-

munity and envit-onmetal health ha:ard associated with their e-iissi(nl.

Ilhese studies were uder-taken at the rcquest of the U. S. Army as a

prelinilhnry step in the establishment of criteria for sitflng 1vlroki-

inentol or emtission standards.

The group of compounds and the route of administration for each

are shown below:
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Route. of Administration
Skin Skin

Compound Oral Intravenous Absorption Irritation Inhalation

Methyl Nitrate X x

Tetranitro-
methane x X x

o-Nitrotoluenexx

m-Nitrotoluene x XX

p-Nitmooluene x xX

The experimental animals were fasted for a minimumn of 16 hours

prior to administration of the oral dose. TIlas allows for m-ore- uniform

absorption in all animals of the same species since the amount of. food in

the stomach varies greaitly from antimal to animal Wn the unfast W- condition.

Both rats and mice were weighed Indvdually at the time of dosing to deter-

m -ine the ptroper injection volume. Glass syriniges with special oral dosing
naoxdles were usWd to administer the conp d Eolte rats and Il~

lRangefinding doses were given for eadi omnpound. Thiese coni -

Sisted of dosing fivo rats and fivu* mice at three levels oEtermined from

availabl vidence in die literatt -~e. After Unding die proper ratigeg-

metrically spaced doses were adnilnistered to determine dhe- LL050. To"

male Spragiko-Lawley albino, rats and tan male Clt-1 albino, mice w er

dosed at each, level and the LL"So with its 95% confidence limits were
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determined by the probit analysis method of Finney (1952). Deaths which

occurred during the 14 days immediately following the administration of

the single dose were included in the final mortality tally. Any animal

which survived the 14-day postexposure observation period was sacri -

ficed at that time.

The patch-test method was used to measure the degree of primary

irritation of intact and abraded skin of female New Zealand albino rab-

bits. The rabbits were clipped of all possible hair on the backs and

flanks 24 hours prior to exposure to allow for recovery of the skin from

any abrasion resulting from the clipping. Six areas on the back, tu-ee

on each side, were designated as patch areas. This allowed for the

simultwieous testing of the three compowlds on each rabbit, with each

compotuid being tested on both the intact and abraded skin. Tihree areas

on the righit side of each rabbit were abraded by making minor incilions

fhrough the stratum cortim, but not sufficiently deep to disturb the

derma or to produce bleoing.. These were made in a square pattemn

with a syringe needle to niake the itncisions. Six rabbits were tested

fur each compound.
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The test material was applied in its native state in the amount

of 0.5 gram for solids and 0.5 ml for liquids. The compound. was

applied to the designated areas and then covered by a one-inch square
Sof surgical gauze, two single layers thick. The gauze patches were

held in place with strips of elastoplast tape. The entire area was then

covered with a rubber dental dam strip and secured with more elasto-

plast tape. The patches remained on the rabbits for 24 hours. During

" t.-hat time, the rabbits were fitted with leather restraining collars to

prevent disturbance of the patch area, but allowing the rabbits freedom

of movement and access to food and water.

After 24 hours, the wrap and patches were carefully removed

and the test areas evaluated for irritation using the Draize table as a

* reference standard. Readings were again made at 72 hours (48 hours

after the first reading). The scores for each category in the table are

the average score of the six rabbits tested. The higher the score, the

more severe the irritation caused by the compound.

Skin absorption toxicity was determined using female New Zealand

"1 •albino rabbits. All rabbits were clipped as closely as possible with an

Oster clipper fitted with surgical blades. The back of the rabbits and

th.- sides down to about half-way to the stomach area were clipped from

the sa.ddle arca of the shoulders to the top of the rear leg area.
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The rabbits were weighed prior to dosing to determine the proper

dose volume. The compound was applied Ind Iue to the back of the

rabbit, divided equally between the two sides of the rabbit. The comn-

. pound was kept in place with. 8-ply gauze patches. Latex rubber dental

dam was then applied -over.'the Onrdre back area where clipped. Elasto -

plast tape was then used to keep the dose in place. Restraining harnes-

ses, des-ribed earlier, were.-fitted to each rabbit during the entire dosing

period.

All doses weore kept In contact with the rabbits skin for 24 hours.

After this period of time had elapsed, the tape, latex and gauze were

remo -( nd the aninial v.as observed for 14 dayc. Three rabbtts were

j dosed per level.

j ~ ~The iiihalation ex poue fo -hour LCS0 determinations were

* j done using mnale, Spragrue -Dawley, GFE rats and male CF-i mice, tenf per exposure levd. All animals were observed for signs of toxicity

and mortality during exposure and for the 14 days immediately follow -

j ing exposure. Animails were weighied immediately prior to exposure

S~ .j and survivors at 14 days postexposure.
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The three nitrotoluene isomers, having a low order of toxicity,

were tested at vapor saturation levels. Production of essentially satura-

ted vapors of the two liquid isomers was accomplished by bubbling dry

air through a fritted disc immersed in the sample. The resultant

vapors were then passed through a 9-liter glass chamber containing

L the experimental animals. The one solid isomer was tested by a static

technique whereby an excess of the compound was sealed into a 120-

litcr plebxiglass zhairber for a period of 24 hours. The experimental

animals were then rapidly introduced into the chamber by means of a

"sliding cage drawer designedto minimize vapor loss. All exposures

were continuously ana.yzod usinWg a Beckr~Wmn Model 400 total hydrocar-

bon analyzer.

. Analysis of tetranitromethane (TNM) was done using a colorimetric

method to determine contaminant concentration. In this method, Lyshkow

reagent (modified Saltzman reagent) was allowed to mix and react with

the sampled air in a glass delay coil. Tho resultant color developed

was related to sample concentration and read using a Treclmicon Auto-

Analyzer I system.
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Standiardization was based on a gravimetr-ic technique using dif -

fusion tubes. These were constructed by sealing the narrow end of dis -

posable Pasteur pipettes resulting in straight wall tubes 110 mmn long

by 5 mm I. D., which when less than half full would diffuse approximately

3.5 ;d of TNMV vapor per minute. Two tubes showed a combined mean

diffusion rate of 7. 06 (s. d. + 0. 37) ppm/minute at 30 C.

For TNM generation, a modification of the diffusion tube sys-

tem using two short tubes (30 mm length by 15 mm. I. D.) gave a stable

source of TINM from 70 gl/mlnute with one tube at 30 C to 680 As/minute

A, two tubes at 60 C.

A MiranOA-nfrared analY7.e;7 was used for the analysis of methyl

nitrr'e ccuncentrations. Calibration was achieved by use of standard

bag~s in the 0-lW.' ppn aange. The condi~tions for the Miran IR analyzer

were as follows~:

P'athiength 0.5 M Absorbance 1.0 A
SlItwfith 1.0) nim, Time Constant 1 0
Wavelenlgt S. 98 jM Sample Flow 500 cc/min.
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An ethanolic solution of TNM was used for an intravenous LDsO deter -

mination in groups of rats and mice. Rats were injected using the lateral

saphenous vein of the hind leg while mice were injected in the right lat-

* eral tail vein. The experimental animals were weighed prior to dosing

to determine the proper injection volume. Ten animals were dosed at

* each level and the LD50 with its 95%0 confidence limits was determined

*. by the probit analysis method previously mentioned.

Deaths which occurred during the 14 days immediately following

the administration of the single dose were included in the final mortality.

Any animal that survived the 14-day postexposure observation period

was sacrificed at that time.

I . Tetranitromethane (TNM)

"The rat 4-hour LCso of TNM vapor was determined to be 17.5

I ppm or 0. 14 mg/liter. The mouse 4-hour LCs0 for TNM is 54.4 ppm

or 0. 44 mg/liter (Table 38). Responses of the animals, within each

"species, were consistently dose-related and followed a general pattern

of lethargy and inactivity with some eye and nose irritation at the toxic

levels. All animals remained inactive during exposure with noticeable

decrease in rate and depth of respiratory movements.
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Deaths which occurred following exposure generally occurred

within 12 hours. If the animals survived this time period, they usually

lived to the 14-day sacrifice period. Rats at the nonlethal exposure

level lost weight through the first four days postexposure but recovered

and had normal weight gains by the end of the 14 days. Rats exposed

at the partial mortality levels showed a definite depression in growth

rate during the 14 days following exposure. Scattered weight losses

were found in all mice that survived the 14-day observation period.

TABLE 38. 4-HOUR INHALATION LC5 0 VALUES FOR RATS AND
MICE EXPOSED TO TETRANITROMETHANE VAPOR (N=10)

Rats Mice
Conc. ppm Mortality Ratio Conc,, ppm Mortality Ratio

23 10/10 76 .10/10

21 10/10 63 5/10

19 6/10 55 4/10

18 3/10 47 3/10

15 3/10 42 3/10

10 0/10 32 1/10

17 0/10

14 0/10

LCso 17.5 ppm 54. 4 ppm

95% C.L. 16.4 to 18.7 ppm 48.0 to 61.7 ppm
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" Gross pathologic examination of the animals that died showed

multifocal areas of moderate to severe lung congestion throughout all

lobes with many of these areas appearing hemorrhagic. Animals ex-

K ,- amined after exposure to nonlethal levels of TNM vapors showed mild

congestion of lungs upon gross examination.

Intravenous administration of TNM to rats and mice resulted

in a LDS 0 of 12.6 mg/kg and 63. 1 mg/kg, respectively (Table 39).

As was seen in the results of inhalation exposures, rats are much more

susceptible to TNM than mice. Mouse deaths occurred within minutes

after dosing. Gasping with a foamy nasal discharge and tonic convul -

sions at the highest level preceded death in the rats. Rat deaths occur-

red within two hours following administration of the compound. Control

rats and mice given intravenous injections of equivalent volumes of
1:1i; ethanol alone had normal weight gains and survived the 14-day observa-

Eion period.

Intragastiic administration of undiluted tetranitromecthane to
fasiei male rats produced an LDs0 value of 130 mg/kg (Table 40%. Similar

administration of TNM to male mice produced an LO50 of 375 mg/kg.

All animals remained inactive and lethargic for several hours after

!' I administration of the compound. Most deaths occurred during the 12-

'q hour period immediately following dosing and delayed deaths were an

uncommon occurrence.
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TABLE 39. INTRAVENOUS TOXICITY OF TETRANITROMETHANE TO
RATS AND MICE

Rats Mice

Conc., mg/kg* Mortality Ratio Conc., mg/kg* Mortality Ratio

31.3 10/10 125 8/10

15.6 7/10 62.5 6/10

7.8 1/10 31.3 1/10

*Diluted in ethanol

LD5 0 = 12. 6 mg/kg 63. 1 mg/kg

95% C.L. = 10.0 to 15.9 mg/kg 45.0 to 88.7 mg/kg

TABLE 40. ACUTE ORAL TOXICITY OF TETRANITROMETHANE IN
RATS AND MICE

Rats Mice
Conc., mg/kg Mortality Ratio Conc., mg/kg Mortality Ratio

500 10/10 1000 10/10

250 8/10 500 7/10

125 5/10 250 2/10

LD5 0 = 130 mg/kg 375 mg/kg

95% C.L. = 83 to 205 mg/kg 262 to 511 mg/kg
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The difference between LL)50 values determined for the oral and

intravenous 'routes was most striking and suggestive of different mech -

anisms of toxicity dependent upon the route of administration. Additional

studies were conducted to explore this unusual difference.

-~ Groups of 2 rats each were given single oral doses of TNM and

blood samples were taken 90 minutes after treatment. The blood sam-

pies were analyzed for rnethemoglobin content and a dose dependent

response was measured as shown in Figure 11. In the rats dosed at

62. 5 mg/kg and 125 mg/kg a second set of methemoglobin samples were

collected three hours after exposure and the measured values had only

decreased slightly below those found at 90 minutes as shown in Table 41.

V I TABLE 41. ML*THEMOGLOBIN RESPONSE TO ORAL, DOSING OF
RATS W~ih TETRANITROMETIHANE

Mothemoglobin
Oral Dose 90 Miinutes 180 Miniutes

62.5 3.5 28 3.3 26

1255.9 475.3 42

I'lIe toxic signs observed in rats and mice after oral adminiScra-

dion of TNM and the measured mnethemnoglobin values are consistent with

4acute miethemogiobinemia which is believed to be the toxic mechianism

involved in lethality following this route of entry.
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FigirL1.Mettiemoglobin re~isoa in rats given a sittgic oral dose of
- ~tetranit~romethane.
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In order for TNM to form inethemoglobin the compound would

~ j have to be metabolized to nitrite ion. Lf N02 were liberated from the

I."..molecule it could be converted to nitrate and nitrate ions. The nitrate

ion would then be converted to nitrite ion by bacterial action in the in-

testine. Since the mechanism of toxicity of ingested TNM appeared

tobe nitrite induced methemoglobinemia, the rat oral LDSO was comn-

pared with the rat oral LDSO reported for sodium nitrate by Smyth et al.

(1969) of 180 mg/kg. Calculation of the N0 2 content of each compound

gives an adjusted LI)50 for N0 2 Of 120 rng/lcg for TNM and 122 mg/kg

for sodium nitrite,

The signs of toxicity observed in the inhalation and intravenous

exposures of rats and mice were consistent with acute pulmonary irrita-

tion and respiratory deaths. At nocrajisy animals exposed, by these routes

haid congested and hemorrhagic lungs. T"wo rats were given an IV injee-

Eion dose of 15 mg/kg TNMslighitly above the LD'iO dose, and sampled

for meothemo~globinernia at 90 tainute and had the sarne methemolobi

values as untreated controls (0-3T, saturation).

Aninials exp)osed- to TNM by tie inhialation and intravcuous routes

1 ~reacted as if they had been expsosd to nitrogen dioxide gas (NO2 .I

one asswnied that NO2 was lIbNratd from TNM in the lung ou an equlmiolar
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basis (4 volumes of NO9- for each volume of TNM) die measured TNM

4-hour LC.50 value of 17.5 PPM Would yield 70 Ppm NO2 which is corn-

parable with the 4-hour LG.50 for NO2 of 88 ppm reported by Gray et al.

(1954). Furthermore, a calculation of the dose of TNM inhaled by a

200 gram rat at the 4-hour LC50 concentration of 17..5 ppm, assuming

100% absorption and a minute volumne of 75 ml/mlnute yields 12.6 mg./kg,

a value identical to the IV LII 0 ..

A second study was designed to test the hypothesis that the effects

obtained by exposure of rats to a given conc'entration of tatranitromethane

* ~are equal to those obtained by exposure to 4 times. the molar coaicentra -

tion of nitrogen dioxide at levels tower than die LC;5 0 values.

Tandem. 2 -week contii-uous exjosures were conductod on theo -

te-,reically eq-uivalent conemitradions of TINM and N02 . hixpoaure groups

consisted of 100 male- rats, housed 10 per :aige, in Longley chanio'mv.

TWo smaller Rochester chamnbers hous-ed the (=ntro rats twhich were

exposed to air alone.'

The concentrations used in the candem experfituents are as follows.-

Experiammci No. TNMI Cone., pp N~Coe. p

17.5 30

2 5.0 2D

3 3.5 14

4 7.5 40
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AUl rats weeeamined daly for gener.a.l apparace beh~ L4aVvio,

signs of toxic stress and lethality with body weights recorded immedi-

ately prior to the start of exposure and at the conclusion, 14 days later.

Methemoglbin determinations were made on 10 rats per group,

lncludlng controls, at the conclusion of the 14-day exposure period.

In~ addition, groups of rats (consisting of 10 per group from the first

excperinrent and 20 per group for all other experiments) had lungs precisely re-

mioved for wet weigh determinations. Thbe wet lung weights of each

I -~ . groop were satistica~ly analyzed for determination of edematous effects.

Gioss and histopathologic examinations were made on all animials

rhaý died -.dkur'g` expwure or were sacrificed at the conclusion of the

i4-a v -d.Orgmt weighits of lung, liver and kidneys were recorded,

foal -aaima6s examinned at sacrifice. Statistica~l comparisons were
A~performued on the mecan organ weights and the organ to body weight ratios.

The contaminant cotimen tionis were cantinuously moniAored

using a~ colorimenric method whereby a no-dified Sa-hzman reagent was

allowed to mixe and react widi the sampwd- aii in a glass delay coil.

1The re-sultmit color developed was then related to the sample concetitra -

tion and read using a Tecimicon AutoAnalyzer system.
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In addition, a Wilkes Miran IA infrared analyzer was also used

to monitor the TNM chamber. The absorbance measurement of the

Miran was continuously recorded on a strip chart recorder.

These two methods were calibrated using pure TNMv and were

-41 used concurrently during the first two days of the fir-st experiment.

The purpose of dual analysis was co determine if any dissociation

of tetranitromethane into nitrogen dioxide takes place in the exposure

chamber which would result in a decrease in infrared absorbance with -

out affecting, the AutoAnalyzer result, since the AutoAnalyze-r measures

NO2 as efficiently as TNM. There proved to be no evidence of sponta-

* ncxus dissociation during the two days; therefore. use of the Autofnalyzer1 ~system for monxitoring TNMI caicentrac ions was discontinued.

The rats in both caitaminant chambers showed lethargy,

Idyspnica-, kyphosls and general poor huailth with the TNM ex-posed rats

j showing yellowing of the fur during die first exposure series. Thje TNM

I exposedrats showed tlwse symtnpoins of toxic stress to a greater degreeY-

than the NO2 expsosd rats, Thec rats omm-sW- to 5 Ppm I'NM or 20) pani

NO'2 al.SO showed stirilar signs of toxic strass butt to a lesser de-gree Although

the toxic signs decreased with the decrease in coiicentrations, theyv wee

sdll visible at the lowest concentraotios tested.
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Mortality occurredJ in 75%0 of the TNM./ exposed rats and 31% of

the NO 2 exposed rats in Experiment No. I (Table -2 and Figure 12).

Deaths were minimal until after the fifth exposure day at which time

mortalities began to accelerate. This was the lowest concentration

of NO2 which resulted in lethality. Deaths did occur in the 5 ppm TNM

exposure, starting after the seventh exposure day.

Several problems occurred dutng the third and fourth day of

the first experiment which resulted in concentration excursions in the

TN•M chamber. Two ex.' -asions, although for short duration, exceeded

S- the 4-hour LC50 of 1 ppm. The following day four TNM rats died.

As the rats had ".ppeared to show signs of tc.,*dic stress prior to the con-

centration increase, it is difficult to determine just what effect the ex-

cursions had. The problems were eliminated and concentration control

-was. sa~dsfac-.Ory thereafter.

Gross pathology of the animals that died from either contaminant

during •xpojure revealed a red -tinged exudate around the external nares.

SThe lungs which failed to collapse upon opening of the pleural cavity had

a few areas of focal consolidation and hemorrhage scattered throughout

all lobes. Multifocal areas ot eniphysema was a common firnding in most

of the rats. The livers of the exposed ar~imals appeared to be moderately

congested.
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TABLE 42. CUhMULAIIVE MORTALITY OF RATS CONTINUOUSLY EXPOSED TO TNM OR NO2(7, Mortality)

Days of Exposure 1 2 3 4 5 6 7 8 9 L0 11 12 13 14

Comnpound and (Experiment 1)
!bnc. , pm

TNM -7. 5 0 0 1 1 5 8 12 17 21 24 31 44 58 75

N0 2 -30. 0 0 3 3 3 3 6 7 7 9 9 14 18 21 31

(Experiment 2)

TNM -5.0 0 0 0 0 0 0 0 2 2 S 6 9 11 16

N02 20, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TNM -3.5 0 0 0 U 0 0 0 0.0 0 U 0 0 0

N0O2 -14.O 0 0 0 0) 0 0 0 0 0 0 0 0 0 0

(iExperiniceit 4)

TNM -7.5 0 0 1 1 1 1 3 7 14 24J 30 42 54 &5

N02 40 0 21 26 27 27 27 27 27 28 21) 35 41 46 SU
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Figure 12. Cumulative mortality resulting from continuous exposure to

7. 5 ppm TNMI or 30 ppm NC02,
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The lungs of the animals sacrificed at the conclusion of the 14-day

exposure period showed similar lesions except that rarely were any

hemorrhagic areas seen. These same lesions were noted at each of

the other levels examined but the severity of the lesions decreased as

the contaminant concentration decreased.

A statistically significant increase in methemoglobin was found

in both test groups at all exposure levels when compared to their re-

spective controls. However, although the exposed groups showed an

increase, it was minimal and well below a level which could have a bio-

logical effect.

The results of the wet lung examinations are shown in Tables

43 through 46. At the 7.5 ppm TNM or 30 ppm NO2 level, the test rats

differed statistically from the controls at the 0. 01 level of significance

in body weight, wet lung weight and lung to body weight ratios. Addition-

ally, a statistically significant difference is also noted when comparing

the two test groups. The TNM exposed group showed a greater toxic

response than the group exposed to NO2 .

A similar effect was found in the 2nd and 3rd experiments, although

to a lesser degree. Again, the TNM exposed group differed statistically

from the NO2 exposed group in most parameters examined. Although
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5.. TABLE 43. SUMMARY OF EFFECTS OF 14-DAY CONTINUOUS
EXPOSURE TO 7.5 PPM. TNM OR 30 PPM NO2 ON RATS

Controls TNM N02

x Body Weight at Start, g (N=100) 187.8 184.5 186.8

En Summary of Wet Lung Examination, N--10

pControls TNM N02

x Body Weight, g 267.8 143. 1 **B 215. 6**

x~ Lung Weight, g 1.290 2.24*A 1. 933**

Lung/Body Weight Ratio 0.483 1. 6)6**B 0.902**

Summary of Body and Organ. Weights at Necropsy

2> fControls, N=70 N02, N=48

04 ~ Body Weight, g 275.7 209.8**

x Lung Weight, g 1.696 2.394**

iLiver Weight, g 10. 987 7.683*E*

x Kidney Weight, g 2.371 1.935**

Lung/Body Weight Ratio 0.616 1. 166**

Liver/Body Weight Ratio 2.983 2.657**

Kidney/Body Weight Ratio 0.862 0. 928**

~' ~1 * Different from controls at the 0. 01 level of s ignif ica nce.A Different from N02 group at the 0. 05 level of signif icance.
B Different from N02 group at the 0.01 level of significance.

Z . - .1.
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TABLE 44. SUMMARY OF EFFECTS OF 14-DAY CONTINUOUS
EXPOSURE TO 5 PPM TNM OR 20 PPM NO2 ON RATS

Controls TNM N02

x Body Weight at Start, g (N=100) 199.0 199.7 199. 1

Sumnmary of Wet Lung Examinations, N=20

IControls TNM N02

SxBody Weight, g 262.3 194. 5**B 250.1

x Lung Weight, g 1.401 1 .9 22**A 1. 784*

Lung/Body Weight Ratio 0.536 19 1 *B 0. 716**

Summary of Body to Organ Weights at Necropsy

Controls, N-60 TNM, N=49 N02, N=63

1 xBody Weight, g 2341.3*B 254.9**

x Lung Weight, g 1.672 2.094** 2.171**

x Liver Weight, g 8.405 6.833*~*B 9.0636*

x eny Weight, g 2.1 i 5 1B 1.995

Lung/Body Weight Ratio 0.636 1. 071 **8 0. 853**

*Liver/B~ody Weight Ratio 3.188 3.461** 3.557**

Kidney/Body WeihRto 0.763 0.787 0.785

= Diferen fro contiols h .1lvlo infcne

A Different from cn0t roup at the 0. 05 level of signif icance.
A Different from N02 group at the 0.01 level of significance.

8 ifrn rmN2 ru tte00 evlo infcne
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TABLE 45. SUMMARY OF EFFECTS OF 14-DAY CONTINUOUS
EXPOSURE TO 3. 5 PPM TNM OR 14 PIPM NO2 ON RATS

Controls TNM N0

x Body Weight at Start, g (N=100) 247.3 246.2 243.4

Summary of Wet Lung Examination, N=20

Controls TNM

x Body Weight, g 319.0 264.6 310.4

x Lung Weight, g 1.511 1. 821** 1. 841*

i Lung/Body Weight Ratio 0.474 0.691 **B 0. 595**

Summary of Body and OrSan Weitghts at Necrops

Controls, N=60 TNM, N=60 N02, N-6

x Body Weight, g 319.7 258. 7.4 305.*

~Lung Weight, g .73215 2.169**

ilver Weighti, g 11.982 9.217*4B 10.0OO**

iKidney Weight, g 2.680 2.3584t8 2. 569*

Lung/Body Weight Ratio 0-556 0. 8484* 0. 7l4**

Liver/Body Weight Ratio 3.731 3.557*4' 3. 276**

Kidney/Body Weight tRatio 0.840 0. 913 *B 0.843

*=Different from controls at the 0.05 level of significance.
SDifferent from controls at the 0.01 level (if significance.

B, Different from N02 group at the 0.01 level of significance.
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TABLE 46. SUMMARY OF EFFECTS. OF 14-DAY CONTINUOUS
EXPOSURE TO 7. 5 PPM TNM OR 40 PPM NO2 ON RATS

Controls TNM N02

x Body Weight at Start,- g (N=100) 254.7 254.4 256.4

Summary of Wet Lung Examinations, N=20

Controls TNM N02

xBcdy weight, g 327.6 17 1 .9 **B 199. 1*

x Lung Weight, g 1.651 2. 687** 2.780**

Lung/Body Weight Ratio 0.505 1.572** 1. 433**

Summary of Body and Organ Weights at Necropsy

Controls, N=60 N02, N- 19

xBody Weight, g 315.4 210.5S**

iLug Weight, g 1.785 3.183**

SLiver Weight, g 10.745 6.789#0

i:Kidney Weight, g 2.573 L 874.*

Lung/Body Weight Ratio 0.567 1.556**

Liver/Bad y Weigh Ratio 3.408 3.241*

Kkldny/Ibdy Weight Ratio 0.815 0.8980*

0 Different from contrcols tit the 0.05 level of significance.
D~ifferent from controls at the 0. 01 level of significance.

B Different from NO'Z group at the 0.01 level of significance.
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,, the body weights of the rats exposed to NO2 were not affected (lung water

* :.2group only) at the lowest concentrations, the lung weights showed an

increase in weight indicating an edematous effect. The lung/body weight

ratio continues to show a difference between the two contaminants, TNM

exposed animals being more severely affected.

Because of the high mortality in the TNM exposed rats in the first

experiment, not enough remained at the sacrifice date to statistically

compare their organ weights with those from the NO2 exposure and control

groups. Statistical comparisons were made on the NO2 exposed animals

and (Table 43) every parameter examined differed from the controls at

the 0. 01 level of significance.

Evaluation of the data accrued from the first three experiments

indicated that the toxic effect of TNM vapors was greater than four times the

NO 2 effects. The edematous reaction in the lungs and the resultant

effects on body and organ weights indicated that the actual ratio was

more like 1 to 5 or 6.

a Based on this premise, an additional set of exposures was per-

formed at concentration levels of 7.5 ppm TNM and 40 ppmn NO2 , a ratio

of I to 5. 3. The 7.5 ppm TNM level was repeated to determine whether

the concentration excursions mentioned previously of the first 7.5 ppm

TNM experiment had an adverse effect on the experimental results.
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The mortality results of this study (Figure 13) indicate that the

TNM concentration excursions in the initial experiment at 7.5 ppm

possibly accelerated the onset of death by two days. However, the slope

of the curve in the second 7.5 ppm TNM study is much steeper and the

end result in 14 days is similar to the original 7.5 ppm TNM study.

The initial effects of 40 ppm NO2 resulted In deaths to one-fourth

of the rats. The rats that died during this early period all had a clear

exudate flowing from the mouth and nares and congested lungs, indicating

irritation and edematous reaction to the NO2 vapors. The remaining

animals were able to compensate or adjust to the NO 2 vapors and few

mortalities occurred during the succeeding seven exposure days. How-

ever, at eleven days mortalities began to occur again. By the fourteenth

exposure day, deaths were comparable for both compounds.

The lethal effects of TNM and NO2 appear to be comparable at a

ratio of 4:1 TNM/NO2 as seen in Table 12 but growth inhibition is not

comparable at any expoaure combination tested. On the other hand,

lung weights are similarly affected at various ratios of TIM to NO2 and

increase with concentration indicating Increasedemagenesis.
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The results of the pathologic examinations of the contaminant

* exposed animals indicate that the physiological responses of the rats

to either compound arevery similar. Both are severe respiratory irri-

tants causing edema and resultant lung congestion with emphysema.

The present Threshold Limit Value (TLV) published by the

American Conference of Governmental Industrial Hygienists (1975) for

NO2 ia 5 ppm C. On the basis of the results presented Wu this report,

it seems reasonable to suggest that limits for TNM be based on 1/5 the

limits already set for NO2 i. e. , a limit of I ppm for tetranitromethane

vapors should be safe for workmen for normal working periods. A ceil-

ing (C) limit was attached to the 5 ppm NO2 limit bocause of the possible

lungr-twumor accelerating capacity of free, radical compounds. Since

TNM is not a free radical compound a ceiling mini, ifuecessary, mnusE

be based on other criteria.

Methl Nitrate

1the rat 4 -hour LC5 0 of methyl nitmae vapor was ex\perimnentally

determined to be 1275 ppin or 4 irig/liter and fnr mice the 4-hour LQ50

for methyl nitrate was 5942 ppm or 18,.7 mig/liter (Table 47). Responses

of the animials were dose-relatod and followed a general pattern of leth-

argy, decreased respiratory rate and cyanosis. All animals were inactive

throughout the 4-hour exposure period.



TABLE 47. 4-HOUR INHiALATION LC50 VALUES FOR RATS AND
MICE EXPOSED TO METHYL NITRATE VAPOR

Rats Mice
Conc., ppm Mortality Ratio Conc., 2pn 1 Mortality Ratio

1608 10/10 7560 10/10

1285 5/10 6530 10/10

1121 1/10 6020 6/10

642 0/10 5800 3/10

5500 0/10

4990 0/10

iLC 50 = 1275 ppm 5942 ppm

95% C. L. 1200 to 1355 ppm 5827 to 6509 ppm

TABLE 48. ACUTE ORAL TOXICITY OF MELTHYL NIT'lrATE TO
RA'h AND) MICE'

Rats Mic.e
Conc.. mg/k NMortality Ratio Cotic.. ug/kg Mortality Ratio,

1000 10/10 2008/10

500 10/10 1800 6/10

397 6/10 1500/10

315 4/10 1200/10

250 1/10

LC50 344 mg/kg 1820 mg/kg

95%0 C. L. 308 to 384 mug/kg 1738 to 1906 mg/kg
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Rats that died as a result of vapor exposure died either during

exposure or in the following 12 hours. Mouse deaths were often delayed,

ranging from 3 to 11 days postexposure. With few exceptions, rats and

mice that survived the 14-day postexposure period showed normal body

weight gains.

Mild to moderate pulmonary congestion with focal areas of hem-

-. orrhage was seen in both rats and mice. Nonlethal doses showed similar

gross changes.

Single peroral doses of methyl nitrate to fasted male rats pro-

duced an LL 0 value of 344 mg/kg as shown in Table 48. Administra-

tion of methyl nitrate to fasted nule mice by the peroral route restlted

in an. LDS0 of 1820 mgi/kg. i•oth rats and mice were inactive ind

lethargic Immediately following the intragastric dosing. Rats also

emdhlbited labored breathing and gasping at the highest dose level.

Deaths were seldom delayed with most occurring during tili 12-hour

4 er-od IImrodiarely following dosi-hg. control aninmals given ethanol

alone suwvived the 14-day ob'ervatioN period and showed wortal body

weight gains.

121

V .•-.-,-.-. .. .,-- -



Since the toxicity of methyl nitrate is much greater in rats than

in mice by either the oral or inhalation routes of exposure, the possibility

existed that this difference of approximately 5 -fold could be a function

of body size and if so it could be significantly more toxic in man. To

eliminate this possibility a third species, guinea pigs, was examined

for comparison of oral toxicity to the preceding data. It was suspected

that the metabolism of the methyl nitrate was different in the rat than in

the mouse and that the toxicity difference would not necessarily be

related to body size or surface area.

Ten guinea pigs were dosed at each concentration level and the

LD50 calculated using th• probit analysis method of Finney (1952).

Deaths which occurred during the 14 days immediately following the

administration of the singkt oral dose were included in the final mor-

tality (Iable 49). All that survived the 14-day postexposure observa-

tion pcriod were sacrificed at that time.

Gross pathologic examinations were done on all guinea pig

that died following the administration of the oral dose. Also, repre-

sentative animals from groups sacrificed at the conclusion of the 14-

N .day holding period had gross examinations.
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TABLE 49. ACUTE ORAL TOXICITY OF METHYL NITRATE
TO GUINEA PIGS

Dose Level, mgk Mortality Ratio*

1000 10/10

800 7/10

600 7/10
500 3/10

400 1/10

200 1/10

Li)50 and 95%, C. L. 548 (456-658) mg/kg

*Number that died over the number dosed.

AU guinea pigs that died as a result of Lhe peroral administra-

tion of the compound &~d so within 24 hours of dosing with the exception

of the guinea pigs that died at the 200 and 400 mg/kg levels. Thle one

animal that died at 4 days after dosing had an extraneous infection

A with abscess in the trachea and it is, therefore, doubtful that death could

be attributed to the methyl nitrate toxicity. The other guinea pig had a

slight respiratory iinfection which may have attributed to its deinise.
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•',.:. Gross examination of the guinea pigs that died following the

single oral dose revealed chocolate-brown discoloration of the blood

SSi •and lungs. Except for the livers appearing slightly pale, no other lesions

were observed. Gross examinations of the animals surviving the

14-day observation period revealed no treatment related lesions.

,.-l P.

The guinea pig oral LD5 0 of methyl nitrate (548 mg/kg) would

place it in the toxic category of most classification systems. These

results showed that the methyl nitrate toxicity in this species was

not higher than that found earlier in rats (344 mg/kg). Therefore, the

hypothesis of a relationship between methyl nitrate toxicity and body

surface area or size was rejected.

Nitrotoluenes

Exposures to essentially saturated vapors of each of the nitro-

toluene isomers, ortho, meta and para, resulted in no deaths of either

rodent species. The saturation concentrations at 22 C (chamber tem-

perature) of the nitrotoluenes were calculated from the Antoine Equation

(Lange, 1956).
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......... Log P -52. 23 B + C

where T is temperature in Kelvin and B and C are the constants below:

Temperature
Isomer B C Limits (C)

' ortho, 48. 114 7. 9728 50-225

meta 50. 128 8.0655 55-235

para 49.95 7.9815 80-240

'k, Nk.ýAlthough the lower temperature limits of this equation are higher than

the exposure chamber temperature, the values were used to check sat -

uration concentrations obtained in standard bags. The following table

~ .. compares the experimental and theoretical values.

Saturation Concentration, ppm

Comoun Meoretical* Expeimental

ortho, 392 416

meta 200 203

ipara 174 228

*Obtine from Antoine Equationi.
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It can be seen that the theoretical and experimental values for

the ortho and meta isomers are in good agreement. The greater devia-
tion of the theoretical value for para-nitrotoluene from experimental is

probably due to the fact that the lower temperature limit of the Antoine

Equation for this compound is 80 C, much higher than for the other two.

I Extrapolation to chamber temperature might, therefore, lead to greater

.i! 2 error for para-nitrotoluene.

.,• .Rats and mice were exposed for 4 hours to the highest concentra-

tions attainable for these compounds. The concentrations obtained are

listed below:

"Percent of
Compound Species Conc., ppm Saturation

ortho Rats 320 77
Mice 354 85

meta Rats 157 77
Mice 151 74

para Rats 152 67

Mice 228 100

126



No deaths occurred in any of the exposures or in the subsequent

14 -day observation period. The experimental results show that 4 -hour

exposures to essentially saturated vapors of the nitrotoluenes do not

i ,--present a toxicity hazard to either rats or mice.

All animals gained weight normally during the 14-day observa-

.ion period. Gross pathological examination of animals sacrificed after

14 days revealed no lesions which could be attributed to exposure.

. - .When held in covered contact with the clipped trunks of female

albino rabbits for 24 hours, the undiluted nitrotoluene isomers, ortho,

meta and para, proved to be nontoxic. The dose level of 20 g/kg was

not absorbed during the 24-hour period and increasing the dose beyondV". this level would be uninformative. All rabbits were symptom free and

........ gained weight normially during the subsequent 14 -day observation period.

, Primary irritation tests on intact and abraded skin were negative

for all three nitrotoluene isomers. Readings taken at 24 and 72 hours
averaged at less than one per rabbit using the Draize method Of scoring.

These scores indicate a complete lack of skin irritating potential for

these three compounds.
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The isomers of nitrotoluene, ortho, mera and vi ra, were essen-

U diaily nontoxic by the inhalation and tranadermal routes of administration.

None of the isomers was irritating to the skin of rab& ts after 24 hours.

These findings are not surprising since the end pra~ucts of the metab-

olis m of p-nitrotoluene are reported by Williams (1959) -.o be p-nitro-

benzoic acid and p-nitrohippuric acid. Williams further states that the

priar prdcso-nitrotoluene are o-nitrobenzoic acid and a glu-

curonide of o-nitrobenzyl alcohol. All of the metabolites are readily

excreted and are considered essentially nontoxic. The metabolic fate

of m-nltrotoluene has not been identified but it proAxbly follows similar

pathways since its low order of toxicity is comparable to the other iso-

meric forms. These three compoundr. should not present a hazard to

humans by the routes examined.
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SECTION III

FACILITIES

The support activities of the THRU essential to the operation

of a research activity are usually not of sufficient magnitude to merit

separate technical reports. Therefore, these activities are grouped to-

together under the general heading "Facilities' to describe their contri-

butions to the overall program of the laboratory. Included herein are

special projects in analytical chemistry, training programs and engineer-

ing modifications to the physical research facilities.

Analytical Chiemistry Programs

During the past year, the chemistry department of the THRU

has continued to exercise its function of developing and operating con-

tinuous procedures for the analysis of contaminants being tested in the

toxicology program. In addition to this primary responsibility, efforts

have been directed toward estimation of thi concentration of contaminants

or metabolic products of contaminants in the urine and blood of experi-

mental animals. In cases where the clhemical and physical properties

of the -ontaminant were such as to require nonroutine methods of intro-

duction, the chemistry department has be1n assigned the task of designing.

testing and operating the contaminant introductioia procedures.
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Physiological Fluid "Fingerprint" Chromatography

Results of initial studies on gas and liquid chromatography of

physiological fluids, with most work being done on urine, were reported

in last year's annual report. The benefits of developing precise tech-

niques for chromatographic analysis of body fluids were given as:

1 . Identification of compounds whose concentrations change

upon intoxication with a particular compound. This would lead to
A7

Inferences concerning metabolic effects of the toxicant.

2. Use of the chrornatog-raphic technique to identify individ-,,

uals who have been exposed before overt toxic signs appear.

This report will outline the progress which has been made in

both areas of chromatography, liquid and gas.

Liquid Cliromatograph

I Since the last annual report, considerable progress has been

made in developing procedurets for liquid chromutographic separation

of urine constituents. InitAal experiments with anion and cation exchange

colunis gave poor separations as did normal clution chromatography

onsilica columns. Thie only columns which appeared promising in the

preliminary work were- reverse phase colunins. In reverse phase
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chromatography, materials are eluted from the column by a liquid more

polar than the column stationary phase. The most polar materials are

eluted first contrasted to the situation in regular liquid chromatography

where the less-polar eluant removes materials with lower polarity first.

Bexaus-e the great majority of urine components are very polar, it was

extremely difficult to obtain any elution at all using a polar column and

a non-polar elution liquid. Since reverse phase uses a non-polar station-

ary phase and polar eluant, the urine components are much more easily

eluted. The reverse phase material showing most promise was Bondapak

Ci8® in which fatty acid groups containing 18 carbons in the chain are

chemically bonded to the polymer matrix of the beads making up the

column packing.

Many early experiments demoustrated that even polar organic

solvents such as methanol, or their mixtures with water, failed to elute

urine constituents satisfactorily from reverse phase columns. Pure

water did appear to be capable of giving separation. However, nitil a

snaller particle size packing was tried, 10 pm diameter instead of 45 pi,

separations were poor. It was foutd that the smaller particle size mate-

rial gave efficlences of up to 10,000 theoretical plates/foot compared to

100 for the 45 /m diameter material. Using the small particle size

material, direct injections of filtered rat urine into the chroiatograph

followed by water elution gave 28 peaks in 3 hours at a water carrier
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flow rate of 0. 2 mI/min and 30 peaks in 6 hours at 0. 1 ml/mmhi. There

~: I was no advantage gained in separating 2 more peaks at the expense of

doubling analysis timne, so 0. 2 mI/min was chosen as optimum flow

rate.

Since high solvent polarity was necessary for good elution, the

usefulness of increasing the polairity of the aqueous eluant was considered.

Solutions of sodium acetate trihyd~rate at concentrations of 2.5, 5.0 and

10 g/l iter were t ried, and the 2. 5 g/Iiter solution yielded the greatest

number of peaks,. 18. The effect of pH- was tested by adding acetic acid

to give solutions of pH f ro~r 0. I)o 7. ~.Neut Ia solutions were found

to perform best with optimum results obtained by dissolving 2. 5 g/liter

sodiumn acetate trihydrate in distlied wac.!ýr wvhich had sat for several

days and adjusting the pH to 7. 0 with acetic acid. Using this solvent sys-
.1 tern with a 1/4" x 1V micro.Bondapak C1819 columin at a flow rate of

0. 2 mI/nu4n up to 56 peaks could be separated. Figure 14 is a typical

chromiatogram of filtered urine under Ehese conditions.

In order to determneo whether liquid chronatogra-phic techniques

wer caabl ofdising~shng between intoxicated and uormal animal,

pooled 24 hour urine samples from a group of .3 rats were taken 5 suc -

c&sive times and chromatographied. Urine from dhe same group of rats
ais sampled on 4 separate occasions during which the aiaswr
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.1 fasted. This was done because the animals became anorexic after in-

toxication, and we wished to make certain that any differences noted

vere due to intoxication rather than fasting. A secona group of rats

was sampled once with no removal of food and 4 times during fasting.

Animals from each group were given i. p. injections of 0. 2 mil carbon

Eetrachioride and 24 hour urine samples were collected after food re -

I moval. Tables 50 and 51 present data from each group. Reference to

I the tables reveals that there are significant differences between peak

heighis obtained from the urine of fasting animals and those allowed to

eat normally. The fasting peak height ranges miarkced with asterisks

are completely outside of the normal peak height ranges indicating that

significant changes have taken place. Thle tviderlined peaks in both tables

have peak hecigits after intoxication whieb lie outside die ranges of normal

and fastlikg peak heights. If the peak atter administrationi of carbon tetra-

7: ckilrh~i l outside of rainges of the fasted baW-ine group but tiot of the

noritul group, It is coded 'TF." All astei isked, underijued- and Ccde

peaks are the samea in bo~th tablas since die criteria of difference had

I to bu miet in both groups to be Judge-d significant.

134



TABLE 50. EFFECT OF FASTING AND INTOXICATION WITH
CARBON TETRACHLORIDE ON LIQUID CHROMATOGRAM OF

POOLED RAT URINE, GROUP A(1 )

2 Weeks

Fasting Post-
Peak Normal Baseline(2) Fasting Baseline(3) 0.2 ml injectionSNo_.._ Avg Rang Avg Rag CCIA, i. p, Normal

1 1894 1656-2150 344 *314-388(4) 217 1641
2 152 63-225 348 *3 26 -375 288 81
3 383 289-475 378 351-401 312 FF(5) 444
4 0 0-0 14 0-37 0 0
5 1689 1380-1805 879 *733-1003 634 1668
6 321 287-437 67 *34-85 20(6) 215
7 3.4 0-17 50 0-82 0
8 960 812-1091 601 *522-804 2983 1114
9 0 0-0 3.0 0-12 0 11

, 10 68 36-134 23 7.9-47 0 108
11 48 15-9) 4.1 1.8-7.9 21 16
12 181 80-325 40 *20-56 5.8 196
13 51 0-219 35 8.5-5.2 10 40
14 530 148-1101 303 223-367 441 1291
is 0 0-0 0 0-0 0 0
16 2843 2525 -3081 2430 2295 -2560 2373 2582
17 26 1.2-50 2.3 0-9.3 0 22
18 50 5.5-118 9.0 0-21 1.0 0
19 0.6 0-3.0 9.5 0-28 0 020-90 0,,161 40 5. 6-76 5.1 FF 102
21 64 0-122 33. 0--$6 0 129

22 44 0-118 3.2 0-9.2 0, 9.4
23 25 0-116 6.7 0-17 .0 15
24 15 0-64 7.1 0-19 115 0
25 7.4 0-19 10 0-18 0 32
26 53 26-75 16 07.6-21 1.7 0
27 20 0-47 9.2 5.2-13 14 43
28 2.2 0-6.1 8.6 4.3-17 6.1 2.7
29 2403 201.-2918 966 *835-1048 400 2905
30 12.8 8.6-17 5.6 2. Q-8.5 5.4
31 191 153-197 143 111-180 215
32 34 16-51 64 *54-76 54
33 21 17-25 15 9.9-21 20
34 .6.9 2.1-17 1.6 0-3,9 '?5FF I_. 4
35 1.7 0-8.5 0 0-0 1.4 FF 0
36 3.8 0-10 i.0 0-2.6 1,7 4.0
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TABLE 50 CONTINUED.

2 Weeks
Norml Fating(3) Fasti~ng Post-

Peak Basline Fatin Baseline 0. 2 ml inj ection
No. Avg. Range Avg. Range1. p. Normal

37 70 59-77 50 *45..-56 78 FF 89
38 0 0-0 0 0-0 4.1 0
39 19 11-38 16 11-19 .9.2 27
40 78 61-87 56 52-63 61 86
41 19 0-31 0 0-0 0 0
42 3.4 0-17 0 0-0 0 0
43 24 10-39 14 5.6-22 0 59
44 27 13-38 16 8.1-20 4.1 0
45 1.2 0-6 2.5 0-10 0 0
46 18 14-31 11 6.8-20 15 32
47 0 0-0 0 0-0 0 3.2
48 1.0 0-3.8 4.4 0-17 0 0.8
49 0 OK) 13 0-2.2 0 2.7
50 18 15-21 6.6 *5.6-..8 1.4 20
51 0.2 0-0.8 0 0-0 0
52 0 0-0 0 0-0 0 4.0
53 1.5 0-3.8 0.5 0-1.1 1.0 0
54 1.6 0-6 0.5 0-1.1 0 1.3
55 1..6 1.1-2.1 1.8 1.0-2.5 2.8 0
56 102 69-145 46 38-52 34 207

('Three rats in the group.

(2)Five samples taken at different times.

(3)Four samples taken at different times.

f4 )ASierisked values outside of normal baseline range.

(5)FF coded values - outside of fastitg range.

(6)Uiiderlined values -cutslde of fa sting and normal range.
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TABLE 5 1. 'EFFECT OF FASTING AND INTOXICATION WITH
CARBON TETRACHLORIDE ON LIQUJID CHRONVTGRMO

POOLED RAT URINE, GROUP ffORA O

Peak (2) FsigBsln() Fasting 0. 2 ml
No. Normal Baseline Avg. Range CCJ.4 , i. P.

1 1380 133 *8.6()272
2 161 375 *351..403 336
3 299 327 302-349 275 FF(5)
4 0 0 0-0 48
5 1621 779 *467 -906 608
6 276 62 *48 -72 9. 6(6)
7 0 14 0-56
8 994 686 *656 -734 3328

10 0 14 0-32 0

12 108 27 *0 -57 102

13 0 23 0-51 12
14 805 492 437 -582 672
15 0 0 0-0 0
16 2553 2295 2051-2660 2416
17 46 2.0 0-8.1 0
18 2 3 14 11-16 16
19 0 0 0-0 0
20 140 78 66-96 32 FF
21 78 22 0-43 32
22 0 16 0-41 0

M23 0 0 0) 0
24 0 5.1 0-1 16
25 35 11 0-32 0
26 21 2,9 *0-9.6 0427 13 11 6,4-13 21
28 27 5.6 0-1 7
29 2139 1029 *866-11S2 576
30 4.6 2.1 0.6.0
31 144 183 163-238
32 38 60 *43 -77 T
33 29 16 11 -.239T
34 3.5 2.5 0-4.3 2T i
35 0 1.3 0-2.9 3. 2 IiF
36 0 0.8 0-3.2 0
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TABLE 51. CONTINUED

Peak Fasting Baseline(3 ) Fasting 0. 2 mnlNo. Normal Baseline( 2) Avg Range 004 P. p

37 99 62 *58.-64 90 FF
38 0 1.2 0-4.8 0
39 16 17 15-22 11
40 214 147 144-150 187
41 0 0 0-0 0
42 0 0 -00
43 51 16 0-32 6.4
44 0 15 0-36 11
45 0 1.6.~6.3 0
46 23 12 2.9-20 14
47 0 0 0-0 0
48 1. 6 0 -00
49 0 1.6 0-2.8 0
50 12 7.0 *6.0-.87 3.8

-%51 0.5 0 0-0 1
52 0 0 0-0 0
53 1.6 1.5 0.8-2.3 1. 6
54 0.9 0.4 0-1 1 2.6
55 2.3 3.3 2.2-4.8 0
56 78 59 39-78 62

M3) rat in group

M2 One sample taken.

(3 )Four samples taken at different times.

(4 Asterisked values - range does not include no~rnal base~line value.

(IDFF coded values -outside of fasting range.

O6 )Underinaud values - outside of fasting and norxnal range.
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On intoxication, a large increase in height occurs at peak 8 which

is 3-6 times higher than in normal or fasted baseline animals. Less

striking increases occur in peaks 30, 33, 34, 35 and 37. Most other

peaks decrease after administration of carbon tetrachloride with the

greatest relative differences from baselines occurring at peaks 6, 29,

31 and 32. A normal urine chromatogram taken 2 weeks after intoxica-

tion demonstrated that most peaks had returned to expected values.

Future work will be done on liquid chromatographic changes

induced by monomethylhydrazine intoxication and on the reproducibility

of alterations in the chromatograms caused by the 2 model toxic chem-

icals, carbon tetrachloride and monomethylhydrazine.

Gas Chromatography

The gas chromatographic method of measuring urine components

reported last year was altered significantly to improve volatilization of

vapors, eliminate the need of an internal standard, concentrate the sam-

ple to a greater degree and improve peak resolution. Instead of con -

densing the vapors in a liquid distillate, nitrogen is bubbled through

5 ml of urine for 20 minutes. 'The urine to which 25 /sl of concentrated

sulfuric acid has been added is heated in a boiling water bath. The
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exhaust vapors are cooled to room temperature at which point water

condenses. The remaining volatile substances are trapped on a 1/8 "x
" 4" SS column containing Chromosorb 101 cooled to 0 C. Very little

water is trapped on the column, and the trap weight gain is less than

5 mg. The trap is capped and stored at 0 C or used immediately. For

chromatography, the trap is uncapped and quickly inserted through a

"ball valve into the injection port which has. been heated to 200 C. The

colurml temperature is then programmed at the rate of 1 degree/min

to 203 C and held at that temperature to termination of the chromatogram.

Other chromatographic conditions are as follows:

Gas Chromatograph: Hewlett-Packard Model 5750 with dual
Columns, flame ionization detection.

Coluni: 1/8" 0. D. SS containing Tenax@ 60/80

imesh.

Temperatures: Injector - initially 200 C, slowly drops
to column temperature during programming.

Coluni - After injection, 2 minutes at
ambient temperature then pro-
grammed 50-203 C at 1 degree/
ain.

Detector - 250 C

Gas Flows: Helium carrier - 25 ml/mmn
Itydrogcn - 30 ml/mtn
Air - 300 ml/min.
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Using these conditions, 47 measurable peaks are separated in 3 hours.

Figure 15 Is a chromatogranm, of pooled urine volatiles from a group of

3 untreated rats.

The same rat groups sampled for liquid chromatographic anal -

ysis were aloo sampled for gas chromatographic analysis before and

after I. p. administration of carbon tetrachloride with the results given

in Tables 52 and 53.

As in the case of the liquid chromatograms, fasting of the rats

produced significant changes in some of the peaks. Administration of

carbon tetrachloride caused peak alterations which could be easily

distinguished from those caused by fasting alone.

Engineering Programs

A study of the sources of noise in the altitude laboratory areas

was reportedA in the last annual report along with proposed remuedial

actions. This year. vibration isolators were installed lin the domne

exhiaust lines leading 'o the vacuum pumps. Sound absorbing tape was

applied to dome input and exhaust lines, and the exhmust duct In Facility

A dome room was completely covered with foam absorber, Ilie base-

ment pum-p room in Facility A was also completely insulated widh ab -

sorber material.
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TABLE 52. EFFECT OF FASTING AND INTOXICATION WITH CARBON
TETRACHLORIDE ON GAS CHROMATOGRAM OF

~ :2> FOOLED RAT URINE, GROUP AM1

2 Weeks
Fasting 1bst-

Peak Normal Baseline(2) Fasting Baseline(3) 0. 2 mld injection
No. Avg. Range ARange C1 i. p. Normal

1 38 44-6800 932 238-1276 1132268
2 1626 600-2880 1718 877-3213 3481(5) 2520
3 2894 655-5280 3095 1082-5220 T48T 4872
4 491 202-828 1968 572-3788 10300 546
5 50 28-74 32 21-33 108 66

4i6 1949 1462-2333 4970 *3321.-7424(4) 7972 2058
7 27 14-72 18 7-27 19
8 36 27-7 9.6 8.2-1 53
9 1026 928-1344 1126 656-1624 937 1041

10 9.4 6.7-13 2.1 *0-.14 5. 3 FF(6) I1I
11 7.6 5.6-11 7.2 3.5-8.8 1t1FF 11
12 0 0 0 0 0 0
13 97 7412 1008436244
14 778 640-952 2146 *1722-2807 ThM 924
15 .37 24-58 16 7.0-25 21 29
16 30 13-45 32 21-46 5.3 35
17 103 74-131 73 66-81 113 134
18 57 21-48 18 1.6-29 18 42
19 181 110-274 207 150-226 294 235

-~20 22 6.7-51 17 16-19 3.1 25
-~* ~21 82 22-146 77 .52-94 261 76

22 17 12-30 11 8.2-16 24
23 84 54-125 79 70-87 69 119
24 1904 1427-2800 1462 1172-2053 2204 F'P 3041
25 7.5 0-48 0 0 0 4.2
26 58 25-I1S 38 20-48. 146 56
27 18 10-36 89 *40 -211 21 FVP 25
28 27. 5.6-52 9.7 1.8-16 21 1 1-T 21
29 30 19-3 29 14-4 74 48

3 8062-103 7060-81 18 83
-31 3.1 1.1-6.2 3.0 0-8.2 2.1 2.5
32 13 1.7-36 0.6 0-2.5 2.1 8.4
33 26 11-3 80 1217 52 33
34 292 12140 110 82-4 19 389
35 11 8-16 3.3 *0-6.6 nhF1I', 17
36 2.6 0-7.7 4.4 0.8-12 2.1 1. 7
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~ TABLE 52. CONTINUED

-V'~i~ ~2 Weeks
SFasting Post-

Peak Normal Baseline(2) Fasting Baseline(3) 0.2 ml injection
No. A ag v. Rag eCC14, i. p. Normal

37 3.6 0.8-8.4 1.2 0-2.3 0 8.4
38 41 1.8-224 145 2.3-362 11 105
39 56 28-9 21 16-29 11 FF so

.... 40 4.4 1.1-10 4.6 2.6-8.2 0 2.5
41 23 14-46 7.4 *1.6-.98 ~T4 38

Si42 5.0 2.5-10 4.1 1.6-8.2 IT 4.2
43 2.1 1.1-4.8 5.4 0-18 4.2
44 2.6 0-4.8 5.2 2.3-8.2 2.1 4.2
45 6.7 2.5-16 2.7 0-8.2 0 25

S146 3.6 2.1-6.8 2.7 1.6-4.1 2.1 4.2
47 49 11-141 25 12-49 11 34

J

(1 )Thbre rats in group.

(2)13 Samples taken at different times,

(3 )Four samples taken at different time s.

(4)Asterisked values -outside of normal baseline range.

* .nd.....e values - outside of fasting arnd normal baseline ranges.

(6)iF 1 codWed valuououtside of fasting bas(linc range.
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TABLE 53. EFFECT OF FASTING AND INTOXICATION WITH CARBON
TETRACHLORIDE ON GAS CHROMATOGRAM OF

POOLED RAT URINE, GROUP BMl

Peak Fasting Baselin(e( 3) FastingO. 2 ml
No. Normal Baseline~2  Avg. Range Cd14 , i- P.

1 1008 1491 530-3672 2290
2 1404 1727 912-2124 2740(5)
3 1692 2966 1520-4032 3
4 850 2377 479-7224 640
5 29 13 5.3-28 28
6 1944 3866 *2970 -4505(4) 7080
7 18 27 11-48 T

829 8.7 7.69. 10
9 684 811 757-920 700

10 8.6 281. 5-4.5 8.0OFF( 6)11 4.3 4.6 1.-6.98.F
12 101 1.7 0-6.9 0
13 97 87 63 -17285
14 972 2091 *1982.-2318 M
15 27 12 7.6-15 16
16 32 38 12-58 20
17 85 61 46-87 80
18 36 17 13-22 20
19 217 210 153 -271 138
20 11 219 17-21 10
21 68 42 32-54 310
22 18 12 7.2-24 T
23 144 78 64-89 68
24 1498 1216 . 1084-1323 1870 FF
25 0 0 0-0 0
26 58 32 15-59 12
27 18 29 27 -30 5.0FF
28 3.6 4.1 1.1-6.9 12 FF
29 35 34 2-46 40
30 58 44 33-56 82
31 3.6 3.7 2.1-6.3 10
32 9.4 8. 1.5-2.1 2.0
33 22 21 8-36 6.0
34 5651 189 67-315 53
35 7.2 3.4 02.3-4.. 1TF
36 3.6 6.3 3.-860
37 5.8 1.1 0-2.7 0
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Peak Fasting IBaseline(3 ) FastingO. 2 ml
No. NomlBaseline(2) RneC 4  .p

38 20 39 1. 6-101 1
39 40 17 8.0-22 5.0 FF
40 3.6 2.0 1.1-2.7 0
41 22 8.5 *4.3-7 T
42 3.6 2.7 1.6-4.3 370
43 3.6 0.3 0-1.1 T
44 3.6 5.4 0-9.0 2.0
45 11 3.6 1.1-9.1 5.0
46 3.6 2.4 1.1-4.5 3.0
47 31 12.9 6.4-22 5.0

(1)Three rats in group.

(2 )One sample taken.

(3 )Four samples taken at different times.

(4)AsterisIked values -range does not include normal baseline value.

(5 )Underlined values - outside of fasting and normal baseline ranges.

(OFcoded values - outside of fasting baseline range.
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Sound levels were measured at d'fforent, points in the Facility

A dome room, the noisiest area in the THRU -laboratory, before and

after remedial measures were taken. Figurer16 shows the average noise

levels at various sound frequencies measured before any attempts were

made to reduce them. Maximum Intensity occurred at about 250 Hertz,

aad running 2 or 3 pumps increased sound levels over a single pump as

expected, approximately doubling the intensity for each pump added.

(Increasing the decibel value by 3 doubles the intensity.)

Sound levels were measured again after acoustical insulation

had been installed, with the results plotted in Figure 17. Here, the

level with all 3 pumps running had been reduced more than half. How -

ever, there was now no difference between levels produced by Pump #2

alone or in combination with one or both other pumps, and Pump #2 now

caused higher acoustic levels than previously. This was attributed to

bearing deterioration which had developed after the first measuremeun.

The pump bearings will be replaced and sound levels measured again.

Plethysmograph Chamber

It has been demonstrated by Alarie, (1973) and Freeman et al.,

(1968), among others, that lower respiratory tract irritants increase

the respiration rates in exposed mammals. Equipment which could
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measure these rates quickly and precisely in rodents was considered

to be a necessary addition to the experimental capability of the THRU.

Therefore, a project was institutcd during the past year to develop

instrumentation which would meet the following design criteria.

1. Sii,,ultaneous exposure and measurement of respiration

rates of 10 mice.

.2. Easy insertion nf the mice into and removal from

the exposure chambers.

3. Minimization of physical stress in immobilizing the mice.

In most plethysmographic chambers, respiratory parametersaedtr-

mined by measurement of slight pressure changes caused by breathing.

hIUs requires, in addition to a sensitive and precise manometer, a lea-k-

free system since any m-ovement of gas into or out of die chwamber would

S Ilead to errvnonus pressure readin p.. In order to obvi-ate this drawback,

it was decided to mueasure breathing rate by detecting the flow of air in an o'Pen tube

leading from the chamber. Since the system is open and at atmoqhoric

pressure. leakage of air in other parts of the system should not be as

likely as In 'a closed system. Thermistors S yore chosen as the most

sensitive detectors of air flow. In die system as presenitly designed,
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it is necessary only to trigger a counter once the air flow has reached

a critical value. In this way a single breath inhalation and exhalation

will trigger the counter twice. As experience is gained in the use -f

the equipment, it is possible that brep.th volumes can be measured by

calibration of the thermistors using known flow rates.

In order to test the system before final construction a unit holding

Sone mouse was built. This was found to operate well in the measure -

iment of respiratory rate without imposing undue stress on the test ani-

tmal. Following this, construction of the final manifold system was be-

gun and is now almost complete. This system is similar to ones which

have been used in the past for simultaneous cephalic exposure of a

number of mice. Modifications have been made In the general design

* to facilitate insertion of the animals and to keep them in position as

comfortably as possible.

4 j. As shown in Figure 18, the main portion of the chamber consists

of a transparent, cylindrical, plastic tube with an. inside diameter of

3-3/4" and 17 in length. A cap of flat transparent plastic was secured

to each end with appropriate gasketing to achieve an airtight condition,

A port and baffle was placed in one end for introduction of the exposure

atmosphere. The opposite end contains a port for exhausting the chamber.
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Five intersecting transparent cylindrical tubes were installed on one

side of the main body of the chamber by solvent bonding. Five other

tubes'were installed by the same method on the opposite side of the

main body. Small sensor tubes were mounted on the cross tubes Into

which was threaded a connector containing a thermistor connected to

the proper electronic instrumentation.

The assemblies used to contain the mice were fabricated from

transparent, cylindrical plastic tubing designed to fit inside the cross

tubes on the main body chamber. Three annular grooves were ma-

chined in the outer surfaces of these components. A collar around the

outer surface locates the center groove to correspond with the sensor

tube when inserted into the cross tube. The two annular grooves on

either side of the manifold groove are used for "0" rings to maintain

airtigrht integrity. The front of these assemblies consists of two ad-

ditional collars locking in a rubber dam between two Mylar@ washers.

The discs and cellars are then assemb!ed and secured with threaded

fasteners. The heads of the mice are inserte]J through the rubber dam,

forming a seal around the neck. This entire subassembly is attached

to the mouse container units and secured with screws. The outer end

of the mouse container assembly is sealed by a rubber stopper through

which a piston rod is passed to prevent the mice from backing up in the

container.
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Statistics Programs

In the evaluation of experimental toxicological data one of the

most frequently utllmied statistical techniques is testing the hypothesis

that mean values of some parameters are equal in 2 groups of animals

or that the variances of the mean values are equal. These techniques

are standard in determining whether exposure to a particular material

has had a measurable toxic effect. An exposure is judged to have had

an effect when the probability of the means and/or variances being equal

is below a certain level of significance. say 0.05 or 0.01. This prob-

ability is determined from distribution curves, T-distributions for means,

and F-,distributions for variances.

Previously, computer programs had been developed for calcu-

lation of the probabilities from F and T statistics obtained from the

data. These utilized a numerical analysis technique known as Simpsoii's

Rule. Investigation of the literature Indicatmd that there were alternative

methods available which were less mathematically ambiguous and which

took up less computer time. After comparing several methods It was

determined that best results could be obtained from use of the Incomplete

Beta Function to generate both T and F-distributions. By dcanging the

parameters of the function in a simple manner, dhe codes for the two
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separate routines could be reduced to one program. This significantly

) :decreased the number of program cards requiring storage and reduced

code length and computer time. The code for use of the Incomplete

Beta Functicn for this purpose was obtained from the International

Mathematical Statistical Library. A large scale test of the new method

"was conducted comparing calculations with those obtained from the

Simpson's Rule technique and an IBM library program. The new pro-

cedure gave results essentially identical with the others in faster time.

During this year, many computer subroutines were transferred

to the EDITLIB library which is a computer machine language storage

area for programs indexed according to user. A parallel library of

these programs in Fortran computer cards called UPDATE was built

up to back up the EDITLIB library in case it is wiped out accidentally

in some way, T1he advantage of the EDITLIB library is that it permits

commonly used subprograms to be called up automatically for use in a

program through use of simple code identification. Different programs

can si~are a simple subprogram. and the user may add elements to the

library or delete them. The size of most programs is decreased con-

.iderably through use of EDITLIB and a great deal of flexibility is con-

tributeo! to progranmming.
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Two new large programs, MODPLOT and AUWEIGH, were written.

Program AUWEIGH was written to process the data available from the

load cell weighing console. This program converts binary code into

decimal form, then processes the data and records the results on stan-

dard hard copy. Program MODPLOT was written to replace an earlier

Calcomp data plotting program. The earlier verson had not been de-

signed for the extended time periods which current experiments cover.

MODPLOT is capable of plotting data from both body weight and clinical

chemical measurements. Previously, each kind of data required a dif-

ferent program.

Training Programs

OCamber Technicians

Since last year's annual report, one technician has been hired.

Phase I and Phase II formal training cycles were scheduled for the new

technician. Both phases were completed and all experienced technicians

participated in the on-the-job training of this new technician.
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Written, deliberate and simulated monthly Emergency Training

Procedures were given to all chamber technicians during the year.

Theae procedures provide refresher training as well as insuring that

the technician will zeact properly in the event of an actual emergency.

The technicians involved in these training procedures are monitored

by their supervisor to insure that the SOP is adhered to.

Thie following list details the emergency training procedures

* covered during the past 12 months:

Personnel
Date Procedure, Participation*..

-~ June 1975 Unscheduled Complete Power
Failure A

July 1975 Complete Power Failure 'A

August 1975 Air Compressor Failure A

September 1975 Vacuum Pump Failure All

Qctobxr 97 Complete Power Failure A.

November 1975 Rescue of Incapacitated Domne Eintmit Al

December 1975 Fire In Airlock During Bntr-yAl

January 1976 Air Su~pply ran Failure A

February 1976 Fire in Airlock DurinEny A, ~3,C

.... 1March 1976 F~ire in E~xposure Laboratory Area} ~ ~~During Dom~e Entry A .
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Personnel
Date Procedure Participation*

April 1976 Operation of the Scott Air Pak A

May 1976 Fire in Dome - No Entrant A

*A - Shift Operator
B - Safety Observer B
C - Safety Observer C
D - Dome Entrant
All - All Chamber Technicians

The Animal Care Training Program described in the 1974 and 1975

annual reports was continued this past reporting period as programmed.

This program has been most successful and now most chamber technicians

can successfully draw blood samples from several apecies of laboratory

animals. The chamber technicians have all had considerable practice

in the handling of many species of laboratory animals.

All chamber technicians have been trained in the operation of the

weighing console for weighing animals in the exposure chambers. A

new addition to the weighing system, badge ID cards, also required a

new training program to be given to the technicians. A Standard Operaz-

ing Procedure (SOP) was written to accomntodate this Instruction.
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Animal Technicians

. Since last year's annual report, several technicians have become

certified in the AALAS program. One became certified at the second

level (Animal Technician), while six were certified at the first level

(Asiista.t Animal Technician). Several technicians plan to become cer-

tified during the ensuing months as time and experience requirements

are fulfilled. UCI animal care personnel certification in the AALAS

program is as follows:

2 Laboratory Animal Technologists

2 - Laboratory Animal Technicians

1~ 6 -Assistant Animal Technicians.

Upon completion of the first level AALAS enamination, six Animal

Caretakers were promoted to Animal Technician positions.

The basic course outline for certification by AALAS was described

in detail in the previous annual report (MacEwen and Vernot, 1975).

The need for a formal course in laboratory animal science was

evident after conducting many carcinogen experiments over the last

several years. All animals in these experiments are held for their

lifetime after the exposure phase of the experiment. Thie TIIU tech-

nicians must now be able to identify various animal diseases as well as
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* skin tumors in our colony of approximately 7700 animals currently being

housed at the THRU. Current trends in the conduct of chronic inhalation

studies suggest the need for long-term postexposure observation and

testing of experimental animals. Therefore, education of the entire

group of technicians in the field of laboratory animal science is of great

concern particularly as it relates to animal care and maintenance.

Videotapes of the animal courses described in last year's technicalI report (MacEwen and Vernot, 1975) were utilized in the training of four

animal caretakers and two chamber technicians. The following list

derails the training procedures covered by the course.

Number
Subject of hours

Introduction of Anatomy and Physiology1
Skeletal System 2
Muscular System 3
Central Nervous System 4
Respiratory Syte 5

Cariovscuar ystem6
Cardiovascular System an6rnrySse

'Reproductive System 8
Digestive System 9-10
Endocrine System 1
Skin and Appendlages 12
Funidamentals of Disease 1-15
Metric System 16
Fwndamenxals of Disease 17-18
Animal Welfare Act 19
Primatology 20
Pharimacology 21-24
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Number
Subj ect of hours

Clinical Laboratory 25
Parasitology 26-27
Procurement and Quarantine 28
Standardization 29
Records, Identification and Gnotobiology 30
Nutrition 31
Primate Diseases 32-33
Dog Diseases 34
Cat Diseases 35
Sanitary Standards 36
Rabbit and Rodent Diseases 37-39
Zoonoses 40-42

* Prosectors

A new category of staff positions was established in the Toxic

A Hazards Research Unit during the past year to handle the larger autuLers

r ~of animals, particularly rodents, used in oncogenic studies. The greuater
emph-asis placed on oncogenic studies in the WhRU during the- past few

years has overwhelmed our limifted pathology capability and a group of

light prose~ctors have been hired and placed in training to alleviate this

problem. E~ach of the prosectors is trained to act as part of a team ac-

4 . complishing four ftunctions. The senior prosector perfortne necropsies

to expose and remove important organs and has the abiit~y to identify all

organs and tissues and to recognize abnornmalte whl9h sitn

prosector prepares the tissue for fixation, dissecting if necessary for
4proper fixation of larger orguns or abnormal seclions of organs. Ile

other 2 functions are those of tissue cutting and tissue embedding.
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.6 The new prosectors were given a 24 -week training program that

consisted of both classroom lectures and laboratory exercises as shown

in the following outline:

Training and Qualification of Parapathologists

A. 1st Level (3 weeks)

1. Lectures followed by laboratory demonstration

Hours Hours Lab.
Subject Lecture Demonstration

a. GenerzI Gross Anatomy

1) Terminology 10
2)Systems11
3)Organology

b. Specific Anatomy by Species

1) Mouse11
2) Hat
3) Hamister11
4) Other Species-1

c. Gross Pathology

1) Basic Tissue (Manges1
2) Autolytic (Thwiges11
3) Systemic Pathology I
4) Recognition of Lesions 1I

d. Histopadiology Techiniques

1) Fixation of Tissue 10
2) Tissue Trimming11
3) Tissue Processing

(Operation of Technicon) 1 2
4) Emibedding Techniques

(Operation of EmnbeddingCanter) 1 3
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2. One lectue hour followed by laboratory demonstrations was

given each day. The remainder of each day was devoted to:

a. Observation of necropsies.

b. Preparation of instruments, solutions and supplies for

S" u~ecropsies.

Sc. Indoctrination on docufentation fr necropsy and tissue4 embeadding.

H d. Fundamentals in performance of necr-opsies.

B. 2nd Level (9 weeks)

1. Practice in Necropsies - 4 hours/day

"a. Mice
I b. Rats

C. Hamsters

2. Observation of uecrcpsies performed oi thseed anmls -

- 2 hours/day

3. Practice in tissue ennibdting - 2 hours/day.

1 4. At the conclusion of the 2nd level, a wrict , examination was

givea over all subjects cover-i du•ing lctures, and a practical

.xainhiation was 'given coverring ability to recognize dte var-

ious tisue a and organs of the body, dexterity in removal of
nto rm fixed tissues and proprly embed them.

ti.-. "-- .loz tot1 xW:em
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IC. 3rd Level (12 week-s)

S1. Team exercise in necropstes stressing cooperation between

prosector, assistant prosector, tissue trimmer and tissue

embedding technicians - 3 hours/day.

2. Performance of necropsies on diseased aninrals, stressing

Siidentification of lesions d description of lesions with re-

A :spect to color, texture, size, consistency, location, plus[ alterations in anatomy stressing abnormal location, absence

j and/or abnormal growths - 2 hours/day.

3. Practice in necropsy preparation, documentation and tissue

handling techniques - 3 hours/day.

Afte.r omipletion of the 24-week program the parapathology,
trainee was expeC-2 M be, able to recognize and describe any pathological

Ichange in tissue that could b- seo with the unaided eye, bed able to ee-

4 ognize autolytic changes in tissue, have demonstrated capability in the
teamwork approach to high volume necroapy 0prcedures, and be accom-

p shed In the care and precision netdc-d In ni rompy and necessary histo-

techrology techniqnus for small rodent tissues.
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